(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 437 352 A1 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

14.07.2004 Bulletin 2004/29 

(21) Application number: 02768002.4 

(22) Date of filing: 24.09.2002 



(51) Intci7: C07D 401/12, C07D 405/14, 
A61K 31/4439, A61P 1/04, 
A61P 31/04. A61P 35/00, 
A61P 43/00 

(86) International application number: 
PCT/JP2002A)09746 



(87) Intemational publication number: 

WO 2003/027098 (03.04.2003 Gazette 2003/14) 



(84) Designated Contracting States: 


• SATO, Fumlhiko 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Sulta-shi, Osaka 565-0872 (JP) 


IE IT LI LU MC NL PT SE SK TR 


• BANNO, HIroshI 


Designated Extension States: 


Kawanlshl-shi, Hyogo 666-0004 (JP) 


AL LT LV MK RO SI 


• HASUOKA, Atsushi 




Takatsukl-shI, Osaka 569-0043 (JP) 


(30) Priority: 25.09.2001 JP 2001292619 




22.02.2002 JP 2002047204 


(74) Representative: 




Wright, Robert Gordon McRae et al 


(71) Applicant: Takeda Chemical Industries, Ltd. 


Elkington and Fife LLP, 


Osaka-8hl, Osaka 541-0045 (JP) 


Prospect House, 




8 Pembroke Road 


(72) Inventors: 


Sevenoaks, KenlTN13 1XR (GB) 


• KAMIYAMA, KelJI 




Ibaraki-shi, Osaka 567-0037 (JP) 





(54) BENZIMIDAZOLE COMPOUND, PROCESS FOR PRODUCING THE SAME, AND USE 
THEREOF 



(57) The present invention relates to a compound represented by the foilowing formula 




SO — C 




(I) 



in 

CO 
CO 



Q. 
UJ 



wherein each symbol is as defined in the specification, or a salt thereof, which has superior stability to acid and which 
is a prodrug of 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridyl]methyl]sulfinyl]-1 H-benzimldazole. This compound (1 ) 
shows a superior anti-ulcer activity, a gastric acid secretion-suppressive action, a mucosa-protecUng action, an anti- 
Hellcobacter pylori action and the like in living organisms, (2) shows low toxicity, (3) shows superior stability to acid 
(which obviates the need to formulate an enteric-coated preparation, thereby lowering the cost, and reduces the size 
of preparation to facilitate swallowing for patients having difficulty in swallowing), (4) shows faster absorption than 
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enteric-coated preparations (rapid expression of gastric acid secretion-suppressive action), and (5) is sustainable. 
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Description 
Technical Field 

5 [0001] The present invention relates to a benzimidazole compound, which is converted to a proton pump inhibitor in 
living organisms and shows an anti-ulcer activity and the like, a production method thereof and use thereof. 

Badcground Art 

10 [0002] A proton pump inhibitor, 2-[[I3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridyl]methyl]sulfinyl]-1H-benzimidazole, 
and a salt thereof having an anti-ulcer activity are reported in JP-A-61 -50978 and the like. 

[0003] For oral administration, however, since the above-mentioned compounds are unstable to acids, they are for- 
mulated into an enteric-coated preparation, filled in a capsule and administered to prevent decomposition by gastric 
acid. Therefore, the development of a prodrug of the above-mentioned compound, which is stable to acid and resists 
15 decomposition by gastric acid, has been desired, and such prodrug is reported in US Patent No. 6,093,734. In addition, 
prodrugs of proton pump inhibitors other than the above-mentioned prodrugs have been disclosed In US Patent Nos. 
4,045,563, 4,686,230. 4.873.337, 4,965.269, 5.021 ,433 and the like. 

[0004] In view of the above situation, the development of a prodrug of a proton pump inhibitor having superior stability 
to acid has been desired. 

20 [0005] It is therefore an object of the present invention to provide a benzimidazole compound having superior stability 
to acid, which is converted to 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridyl]methyl]sulfinyl]-1H-benzimldazole in liv- 
ing organisms and shows anti-ulcer activity and the like, a production method thereof and use thereof. 

Disclosure of the Invention 

25 

[0006] The present Inventors have first synthesized a compound represented by the following fomnula (I) and first 
found that this compound has unexpectedly superior stability to acid, gradually eliminates the substituenton the nitrogen 
atom of benzimidazole ring and affords a sustained acid secretion-suppresslve action. Further studies based on these 
findings have resulted in the completion of the present invention. 

30 [0007] According to the present invention, 2-[[[3-methyl-4-(2,2.2-trifluoroethoxy)-2-pyridyl]methyl]sulfinyl]-1 H-benz- 
imidazoie is modifledto give a prodmg (the compound of the fomnula (i)) stable to acid, which enables oral administration 
of the compound as a conventional tablet and the like without formulating an enteric-coated preparation. This has a 
consequence that the cost for fomnulating an enteric-coated preparation can be eliminated and the preparation of tablet 
and the like can be made smaller. A smaller preparation is advantageous in that it is easily swallowed by patients 

35 having difficulty in swallowing, particularly the elderly and children. In addition, absorption is rapid due to the absence 
of a sustained release effect afforded by enteric-coated preparations, expression of a gastric acid secretion-suppresslve 
action is rapid, and alleviation of symptoms such as pain and the like is rapid. Furthermore, because the compound is 
gradually converted to a proton pump inhibitor in living organisms, a sustainable anti-ulcer agent and the like can be 
provided. 

40 [0008] Accordingly, the present invention provides the following. 
1) A benzimidazole compound represented by the formula (I) 



45 



so 




55 

(I) 

wherein A is an alkylidene group having 2 or more carbon atoms and optionally having substituent(s), R is a 
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hydrocarbon group optionally having substituent(s) or a heterocyclic group optionally having substituent(s), or A 
and R may be bonded to each other to form a 4- to 8-membered ring optionally having substituent(s), and D Is an 
oxygen atom or a bond 

(hereinafter sometimes abbreviated as compound (I)), or a salt thereof. 

2) The compound of the above-mentioned 1 ) wherein (I) A and R are bonded to each other to form a 4- to 8-mem- 
bered ring optionally having substituent(s) and D is an oxygen atom or a bond, or 

(ii) A and R are not bonded to each other, A Is an alkylldene group having 2 or more carbon atoms and optionally 
having substituent(s), R Is a hydrocarbon group optionally having substituent(s) or a heterocyclic group optionally 
having substituent(s) and D is an oxygen atom or a bond. 

3) The compound of the above-mentioned 1), which is an (R)-fomri represented by the formula 



wherein each symbol is as defined in the above-mentioned 1). 

4) The compound of the above-mentioned 1 ), wherein R is a C^.g a'ky' group, a Cg.e alkenyl group or a Cg.s alkynyl 
group, which optionally has substituent(s) selected from the group consisting of (i) a aryl group, (11) a hydroxy 
group, (ill) a halogen, (Iv) a C-,.6 alkoxy group optionally substituted by halogen, (v) a C7.12 aralkyloxy group, (vi) 
a alkoxy-carbonyl group and (vii) an acylamino group, or a C^q cycloalkyi group or a 05.^4 aryl group, which 
optionally has substttuent(s) selected from the group consisting of (I) a C^.^^ aryl group, (ii) a hydroxy group, (ill) 
a halogen, (Iv) a O^^q alkoxy group optionally substituted by halogen, (v) a €7.^2 ^'^"^'^^ group, (vi) a alkoxy- 
carbonyl group and (vii) a C^.^ alkyi group optionally substituted by halogen, and A is a C2.6 alkylldene group 
optionally substituted by halogen. 

5) The compound of the above-mentioned 1), wherein R is a C^^ alkyI group optionally having substituent(s) 
selected from the group consisting of (i) a C6,14 aryl group, (ii) a hydroxy group, (lil) a halogen, (iv) a C^^ alkoxy 
group optionally substituted by halogen, (v) a C7.12 aralkyloxy group, (vi) a C^.g alkoxy-carbonyl group and (vii) an 
acylamino group or a C3.8 cycloalkyi group or a C6.14 aryl group, which optionally has substituent(s) selected from 
the group consisting of (I) a Ce.14 aryl group, (ii) a hydroxy group, (iii) a halogen, (iv) a C^.g alkoxy group optionally 
substituted by halogen, (v) a 07.^2 aralkyloxy group, (vi) a alkoxy-carbonyl group and (vii) a C^.^ alkyI group 
optionally substituted by halogen, and A Is a C2.6 alkylldene group optionally substituted by halogen. 

6) The compound of the above-mentioned 1), wherein the 4- to 8-membered ring fornied by A and R bonded to 
each other is a ring represented by the fonmula 




0 




wherein m is an integer of 1 to 3, and other symbols are as mentioned above. 
7) A benzimidazole compound represented by the formula (I') 
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wherein A' Is an alkylidene group having 2 or more carbon atoms and optionally having substituent(s), R' is a 
hydrocarbon group optionally having substltuent(s) and D' is an oxygen atom or a bond, or a salt thereof. 
8) The compound of the above-mentioned 7), which is an (R)-form represented by the formula 




wherein each symbol is as defined in the above-mentioned 7). 

9) The compound of the above-mentioned 7), wherein R' is a C^.q alkyi group, a Cg^e alkeny! group or a C2-6 alkynyl 
group, which optionally has substituent(s) selected from the group consisting of (i) a Cq.^^ aryl group, (11) a hydroxy 
group, (ill) a halogen, (Iv) a alkoxy group optionally substituted by halogen, (v) a 67.^2 aralkyloxy group and 
(vi) a C^.g alkoxy-carbonyl group, or 

a 03.3 cycloalkyi group or a Cq.^j^ aryl group, which optionally has substituent(s) selected from the group consisting 
of (i) a Ce.14 aryl group, (ii) a hydroxy group, (iii) a halogen, (iv) a C-,.6 alkoxy group optionally substituted by 
halogen, (v) a C7.12 aralkyloxy group, (vl) a C1.5 alkoxy-carbonyl group and (vii) a C^^ all^l group optionally sub- 
stituted by halogen, and A' is a C2.6 alkylidene group optionally substituted by halogen. 

10) The compound of the above-mentioned 7), wherein R' is a C^.g alkyI group optionally having substituent(s) 
selected from the group consisting of (i) a C6..,4 aryl group, (ii) a hydroxy group, (iii) a halogen, (iv) a C^^ alkoxy 
group optionally substituted by halogen, (v) a aralkyloxy group and (vi) a C^.g alkoxy-carbonyl group, or 

a C3.8 cycloalkyi group or a Ce.14 aryl group, which optionally has substituent(s) selected from the group consisting 
of (i) a Cg-u aryl group, (ii) a hydroxy group, (Iii) a halogen, (iv) a C1.6 alkoxy group optionally substituted by 
halogen, (v) a aralkyloxy group, (vl) a C^.g alkoxy-carbonyl group and (vii) a C^.g all^l group optionally sub- 
stituted by halogen, and A* is a C2.6 alkylidene group optionally substituted by halogen. 

11) The compound of the above-mentioned 7), wherein A* is an ethylidene group or a propylidene group. 

12) The compound of the above-mentioned 7), wherein A' is an ethylidene group. 

13) The compound of the above-mentioned 7), wherein A* is an ethylidene group and R' is a C-1.6 alkyi group or a 

C3.Q cycloalkyi group. 

14) A production method of the compound of the above-mentioned 1 ) or a salt thereof, which comprises (1) con- 
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densing a compound represented by the fonnula (II) 




•SO— CH2 




OCH2CF3 



(II) 



CH3 



wherein M is a hydrogen atom, a metal cation or a quaternary ammonium ion (hereinafter sometimes abbreviated 
as compound (11)), or a salt thereof, with a compound represented by the formula (III) 



wherein X is a leaving group, A is an alkylidene group having 2 or more carbon atoms and optionally having 
substituent(s), R is a hydrocarbon group optionally having substituent(s) or a heterocyclic group optionally having 
substttuent(s), or A and R may be bonded to each other to form a 4- to 8-membered ring optionally having sub- 
stituent(s), and D is an oxygen atom or a bond (hereinafter sometimes abbreviated as compound (III)), or (2) 
subjecting a compound represented by the formula (IV) 



wherein each symbol is as defined above (hereinafter sometimes abbreviated as compound (IV)), or a salt thereof , 
to an oxidation reaction. 

15) A phamnaceutical composition comprising the compound of the above-mentioned 1) or 7). 

16) The pharmaceutical composition of the above-mentioned 15), which is an agent for the prophylaxis or treatment 
of peptic ulcer, gastritis, reflux esophagltis, symptomatic gastroesophageal reflux disease (symptomatic GERD), 
NUD, gastric cancer, gastric MALT lymphoma, Zollinger-Ellison syndrome, gastric hyperacidity or upper gastroin- 
testinal hemorrhage. 

1 7) The phamiaceutlcal composition of the above-mentioned 15). which is an agent for the eradication of Helico- 
bacter pylori. 

1 8) A commercial package comprising the phamnaceutical composition of the above-mentioned 1 6) and a written 
matter associated therewith, the written matter stating that the pharmaceutical composition can or should be used 
for the prophylaxis or treatment of peptic ulcer, gastritis, reflux esophagltis, symptomatic gastroesophageal reflux 
disease (symptomatic GERD), NUD, gastric cancer, gastric MALT lymphoma, Zollinger-Ellison syndrome, gastric 
hyperacidity or upper gastrointestinal hemorrhage. 




(Ill) 



O 




(IV) 
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1 9) A commercial package comprising the pharmaceutical composition of the above-mentioned 1 7) and a written 
matter associated therewith, the written matter stating that the pharmaceutical composition can or should be used 
for the eradication of Helicobacter pylori. 

20) A method for the prophylaxis or treatment of peptic ulcer, gastritis, reflux esophagltis. symptomatic gastro- 
esophageal reflux disease (symptomatic GERD). NUD. gastric cancer, gastric MALT lymphoma, Zollinger-Ellison 
syndrome, gastric hyperacidity or upper gastrointestinal hemorrhage, which comprises administering the com- 
pound of the above-mentioned 1 ) or 7). 

21) A method for eradicating Helicobacter pylori, which comprises administering the compound of the above- 
mentioned 1) or 7). 

22) Use of the compound of the above-mentioned 1) or 7) for the production of an agent for the prophylaxis or 
treatment of peptic ulcer, gastritis, reflux esophagitis, symptomatic gastroesophageal reflux disease (symptomatic 
GERD), NUD, gastric cancer, gastric MALT lymphoma, Zollinger-Ellison syndrome, gastric hyperacidity or upper 
gastrointestinal hemorrhage. 

23) Use of the compound of the above-mentioned 1) or 7) for the production of an agent for the eradication of 
Helicobacter pylori. 

Embodiment of the Invention 

[0009] In the present invention, the "06.-14 aiylsroup" Is a monocyclic or condensed polycyclic aromatic hydrocarbon 
group having 6 to 14 carbon atoms. Examples thereof include phenyl, naphthyl, anthryl, phenanthryl and acenaphth- 
ylenyl. Preferred is an aromatic hydrocarbon group having 6 to 1 0 carison atoms, and for R, phenyl Is particularly 
preferable. 

[0010] In the present Invention, the "halogen" is fluorine, chlorine, bromine or iodine. The halogen as a substltuent 
of the hydrocarbon group represented by R and alkylldene group for A In the fomnula (I) is preferably fluorine or chlorine. 
[0011] In the present invention, the "C^^ alkoxy group optionally substituted by halogen" is a linear or branched 
chain alkoxy group having 1 to 6 carbon atoms, which is optionally substituted by halogen (as defined above, preferably 
1 to 5, more preferably 1 to 3, halogens). Examples of the C.|.6 alkoxy group include methoxy, ethoxy, n-propoxy, 
isopropoxy, n-butoxy, Isobutoxy, sec-butoxy, tert-butoxy and the like, with preference given to an alkoxy group having 

1 to 4 cartDon atoms. As the C^.g a'^oxy group optionally substituted by halogen, methoxy. ethoxy, n-propoxy, Isopro- 
poxy, trifluoromethoxy and 2,2,2-trifluoroethoxy are preferable. 

[0012] In the present invention, the "C^.g alkyi group" means a linear or branched chain alkyi group having 1 to 6 
cartDon atoms. Examples thereof include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n- 
pentyl, isopentyl, neopentyl, 1-methylpropyl, n-hexyl, Isohexyl, 1,1-dlmethylbutyl, 2,2-dlmethylbutyl, 3,3-dimethylbutyl, 
3,3-dimethylpropyl, 2-ethylbutyl and the like, with preference given to alkyI group having 1 to 4 carbon atoms. For R, 
ethyl, isopropyl and tert-butyl are preferable, and isopropyl Is particularly preferable. 

[0013] In the present invention, the "07.^2 aralkyloxy group" Is an aralkyloxy group having 7 to 12 cartDon atoms, 
wherein the aryl group Is as defined for the above-mentioned aryl group (preferably phenyl group) and the alkyt moiety 
Is as defined for the above-mentioned "C^.q alkyI group". Examples thereof Include benzyloxy, 1 -naphthylmethyloxy, 
2-naphthylmethyloxy and the like. Preferred is an aralkyloxy group having 7 to 11 cartoon atoms, and particularly pre- 
ferred is benzyloxy. 

[0014] In the present Invention, the "C^.5 alkoxy-carbonyl group" is an alkoxycarbonyl group wherein the alkoxy 
moiety is a linear or branched chain alkoxy group having 1 to 5 carbon atoms, which is exemplified by methoxycari^onyi, 
ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl and the like. Preferred Is an alkoxycari3onyl group wherein the 
alkoxy moiety has 1 to 4 carbon atoms, and partlculariy preferred are methoxycartDonyl and ethoxycarbonyl. 
[0015] In the present invention, the "C^^ alkyl group optionally substituted by halogen" Is a C^.e alkyI group (as 
defined above) optionally substituted by halogen (as defined above, preferably 1 to 5, more preferably 1 to 3, halogens), 
which Is preferably methyl, ethyl, propyl, isopropyl or trifluoromethyl. 

[0016] The "alkylidene group having 2 or more carbon atoms" In the present invention is a linear or branched chain 
alkylidene group having 2 or more carbon atoms, which is, for example, ethylidene, propylidene, butylldene, pentylidene 
or hexylidene, preferably an alkylidene group having 2 to 6 carbon atoms, more preferably a linear alkylidene group 
having 2 or 3 carbon atoms. Of these, ethylidene and propylidene are preferable, and ethylidene is partlculariy pref- 
erable. 

[0017] In the present invention, the "Cg.g alkenyl group" is a linear or branched chain alkenyl group having 2 to 6 
carbon atoms, which is exemplified by vinyl, n-propenyl, isopropenyl, n-butenyl, Isobutenyl, sec-butenyl, tert-butenyl, 
n-pentenyl, isopentenyl, neopentenyl, 1-methylpropenyl, n-hexenyl, isohexenyl, 1,1-dlmethylbutenyl, 2,2-dimethyl- 
butenyl, 3,3-dimethylbutenyl, 3,3-dlmethylpropenyl, 2-ethylbutenyl and the like. Preferred Is an alkenyl group having 

2 to 4 cartDon atoms, and particularly preferred are vinyl, n-propenyl and isopropenyl. 

[0018] In the present invention, the "C2.6 alkynyl group" is a linear or branched chain alkynyl group having 2 to 6 
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carbon atoms, which is exemplified by ethynyl, n-propynyl (1-propynyl), isopropynyl (2-propynyl), n-butynyl, Isobutynyl, 
sec-butynyl, tert-butynyl. n-pentynyl, isopentynyl, neopentynyl, 1-methylpropynyl, n-hexynyl, isohexynyl, 1,1-dimeth- 
ylbutynyl, 2,2-dimethylbutynyl, 3.3-dimethylbutynyl. 3,3-dlmethylpropynyl, 2-ethylbutynyl and the like. Preferred is an 
alkynyl group having 2 or 3 carbon atoms, and particularly preferred are ethynyl, 1-propynyl and 2-propynyl. 
5 [0019] In the present Invention, the "C3.8 cycloalkyi group" Is a linear or branched chain cycloalkyi group having 3 
to 8 carbon atoms, which is exemplified by cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and 
the like. Preferred is a cycloalkyi group having 5 to 7 carbon atoms, more preferred are cyclopentyl, cyclohexyl and 
cycloheptyl. and particularly preferred is cyclohexyl. 

[0020] The "amino group optionally substituted by C^.g alkyi group" In the present Invention means an amino group 
10 optionally substituted by the "C^.g alkyI group" as defined above. Examples thereof include methylamino, ethylamino. 
propylamine, isopropylamino, butylamino, sec-butylamino, tert-butylamino, pentylamino, hexylamino and the like, with 
preference given to methylamino, ethylamino, propylamine and isopropylamino. 

[0021] The acyl group of the "acylamino group" In the present invention is preferably an alkanoyi group having 1 to 
6, more preferably 1 to 3, carbon atoms. As such acylamino group, for example, formylamino, acetylamino, propio- 

'5 nylamino and the like can be mentioned, with preference given to acetylamino. 

[0022] In the present invention, the "hydrocarbon group" encompasses an aliphatic or aromatic hydrocarbon group, 
wherein the aliphatic hydrocarbon group means a saturated or unsaturated linear, branched chain or cyclic hydrocarbon 
group. As the hydrocarbon group, a hydrocarbon group having 1 to 14 carbon atoms rs preferable, which Is exemplified 
by a C^.g alkyI group, a C2.g alkenyl group, a C^.g alkynyl group, a C3.0 cycloalkyi group and a Cg.14 aryl group. Preferred 

20 are a C^,q alkyl group, a C3.8 cycloalkyi group and a Cg.14 aryl group and more preferred are a C^.g alkyI group and a 
C3.8 cycloalkyi group. 

[0023] In the present invention, the "metal cation" is exemplified by alkali metal ions (e.g., Na+, K-^, Ll-*^, Cs-^ etc.), 
with preference given to Na-^ and Cs+. 

[0024] In the present invention, the "quaternary ammonium ion" is exemplified by tetramethylammonium, tetraethy- 
25 lammonium, tetrapropylammonium, tetrabutylammonium and the like, with particular preference given to tetrabutylam- 
monlum. 

[0025] In the present Invention, the "heterocyclic group" is a monovalent group, which is obtained by eliminating one 
optional hydrogen atom from a heterocycle having 1 to 3, preferably 1 or 2, hetero atoms (e.g., oxygen atom, nitrogen 
atom, sulfur atom, etc.) and may be saturated or unsaturated, and aromatic or aliphatic. Specific examples include 

30 tetrahydro-2H-pyranyl, 1 ,3-dioxanyl, 4-piperidinyl, tetrahydro-2H-thiopyranyl, tetrahydrofuranyi, pyrrolidinyl, pyridyl, 
pyrrolyl, furyl, thienyl and the like, with preference given to tetrahydro-2H-pyranyl and 1 ,3-dloxanyl. A and R in the 
fontiula (1) of the present invention may be bonded to each other to form a ring. As used herein, the ring Is a 4- to 
8-membered ring, preferably a 5- to 7-membered ring, which is a heterocycle containing at least one oxygen atom as 
a hetero atom (e.g., oxygen atom, nitrogen atom, sulfur atom etc.), and may be saturated or unsaturated. As such ring, 

35 for example, a ring represented by the formula 



45 wherein the symbols In the fonnula are as defined above, can be mentioned. The 4- to 8-membered ring fomned by A 
and R bonded to each other is bonded to the N-positlon of the imidazole ring of the above-mentioned lansoprazole, 
and applied as a prodrug of a proton pomp Inhibitor (PPI), or bonded to a different pyridylmethylsulfonyl substituted 
benzimidazole structure such as omeprazole, pantoprazole, rabeprazole and the like, and preferably applied as a 
prodrug of PPI. 

50 [0026] Specific examples of the 4- to 8-membered ring fonned by A and R of the formula (I) bonded to each other 
In the present invention include 1 ,3-dloxolan-2-one, dihydrofuran-2(3H)-one, 1 ,3-dioxan-2-one, tetrahydro-2H-pyran- 
2-one and the like, with preference given to 1 ,3-dioxolan-2-one. 

[0027] The "hydrocarbon group" of the present invention may be substituted, wherein the substituent is exemplified 
by a ^B'A4 ^"7' group, a hydroxy group, a halogen, a C^.g alkoxy group optionally substituted by halogen, a Cy.^g 
55 araikyloxy group, a C^.s alkoxy-carbonyl group, a C^.g alkyl group optionally substituted by halogen, an acylamino 
group, an amino group optionally substituted by C^.g alkyl group and the like. The number of the substituents Is 1 to 
5, preferably 1 to 3. 

[0028] The "C^,q alkyl group", "Cg.g alkenyl group" and "C2.6 alkynyl group" in the hydrocarbon group of the present 



40 
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invention may be substituted, and the preferable substltuent Is exemplified by (i) a Ce-u aryl group, (II) a hydroxy group, 
(ill) a halogen, (Iv) a C^^ alkoxy group optionally substituted by halogen, (v) a C7.12 aralkyloxy group, (vl) a alkoxy* 
carbonyl group, (vil) an acylamino group, (vlli) an amino group optionally substituted by C^^ alkyi group and the like. 
Of these. (I) to (vll) are preferable, and (i) to (vi) are more preferable. The number of the substituents is 1 to 5, preferably 
1 to 3. 

[0029] The above-mentioned "C3.8 cycloalkyi group" and aryl group" may be substituted, wherein the substlt- 
uent is exemplified by (i) a C^^^ aryl group, (li) a hydroxy group, (iii) a halogen, (iv) a C<|.6 alkoxy group optionally 
substituted by halogen, (v) a C7.<|2 aralkyloxy group, (vi) a 0^.5 alkoxy-carbonyl group, (vii) a alkyI group optionally 
substituted by halogen, (vlii) an amino group optionally substituted by alkyI group and the like. Of these, (i) to (vii) 
are preferable. The number of the substituent(s) is 1 to 5, preferably 1 to 3. 

[0030] The "alkylidene group having 2 or more carbon atoms" of the present invention may be substituted, wherein 
the substituent is exemplified by a halogen, a C^,q alkoxy group (same as the "0^.^ alkoxy group" of the above-men- 
tioned "C^^ alkoxy group optionally substituted by halogen") and the like, with particular preference given to a halogen. 
[0031 ] R In the formula (I) is preferably a C^.g alkyI group, a C2.6 alkenyl group ora C2.6 alkynyl group, which optionally 
has substltuent(s) selected from the group consisting of (i) a Ce-u ^lyl group, (ii) a hydroxy group, (iii) a halogen, (Iv) 
a C^.g alkoxy group optionally substituted by halogen, (v) a Cj,^2 aralkyloxy group, (vi) a 0^.5 alkoxy-carbonyl group 
and (vii) an acylamino group, or 

a C3.3 cycloalkyi group or a 0^.14 aryl group, which optionally has substituent(s) selected from the group consisting 
of (I) a C6.14 aryl group, (ii) a hydroxy group, (ill).a halogen, (iv) a C^.g alkoxy group optionally substituted by halogen, 
(v) a 07.^2 aralkyloxy group, (vi) a 0^.5 alkoxy-carbonyl group and (vii) a 0^.3 alkyI group optionally substituted by 
halogen, more preferably (1) a C^.g alkyI group, (2) a Cg.^4 aryl group or (3) a C3.8 cycloalkyi group, which optionally 
has the above-mentioned substituent(s). 

[0032] R In the fomnula (I) and R' in the formula (i*) are more preferably a C^.g alkyI group, a Cg.g alkenyl group or a 
C2-6 alkynyl group, which optionally has substituent(s) selected from the group consisting of (1) a aryl group, (ii) 
a hydroxy group, (ill) a halogen, (iv) a alkoxy group optionally substituted by halogen, (v) a C7.12 aralkyloxy group 
and (vi) a alkoxy-carbonyl group, or 

a C3.8 cycloalkyi group or a Cg.^4 aryl group, which optionally has substituent(s) selected from the group consisting 
of (i) a Ce.14 aryl group, (li) a hydroxy group, (ill) a halogen, (iv) a C-j.q alkoxy group optionally substituted by halogen, 
(v) a 07.^2 aralkyloxy group, (vl) a C^.g alkoxy-carbonyl group and (vii) a C-,.e alkyI group optionally substituted by 
halogen, more preferably (1) a 0^.6 9''0"P' (2) a Ce.^4 aryl group or (3) a C3.8 cycloalkyi group, which optionally 
has the above-mentioned substltuent(s). 

[0033] R in the formula (I) may be the hetero ring as mentioned above, and the hetero ring may have substituent(s). 
As the substituent, those mentioned above as the substituents of the "hydrocarbon group", a C^^ alkyI group, a C2.6 
alkenyl group, a C2.6 alkynyl group and the like can be mentioned. Of these substituents, 1 to 5, preferably 1 to 3, may 
be used. 

[0034] As A, a C2.6 alkylidene group optionally substituted by halogen Is preferable, an ethylidene group and a 

propylldene group are more preferable, and an ethylidene group Is particularly preferable. 

[0035] As preferable embodiments of compound (I) of the present invention, the following compounds can be men- 
tioned. 

(a) A compound wherein A and R are not bonded to each other, A is an alkylidene group having 2 or more cartoon 
atoms and optionally having substituent(s), R Is a hydrocarbon group optionally having substituent(s), and D is an 
oxygen atom or a bond (same as the above-mentioned compound of the formula (!')) is preferable, and particulariy, 
a compound wherein A is an ethylidene group, D is an oxygen atom or a bond, and R is a C^.^ alkyI group or a 
C3.8 cycloalkyi group is more preferable. 

(b) A compound wherein A and R are bonded to each other to fomri a 4- to 8-membered ring represented by the 
formula 




wherein each symbol as defined above, Is preferable, and a compound wherein D Is an oxygen atom Is particularly 
preferable. Specifically, a compound wherein m is 1 is preferable. 



EP 1 437 352 A1 



[0036] In compound (I), a phamriacologically acceptable basic salt can be formed between an acidic group in a 
molecule and an inorganic base, an organic base and the like. As used herein, the basic salt is, for example, an 
inorganic basic salt (e.g., salt with alkali metal (e.g., sodium, potassium etc.), alkaline earth metal (e.g., calcium etc.), 
ammonia etc.), an organic basic salt (e.g., salt with dtmethylamine, triethylamine, piperazine, pyrrolidine, piperidine, 
2-phenylethylamine, benzylamine, ethanolamlne, diethanolamine, pyridine, collidine etc.) and the like. 
[0037] For compound (I), a pharmacologically acceptable acid addition salt can be formed between a basic group 
in a molecule and an inorganic acid, an organic acid and the like. As used herein, the acid addition salt is, for example, 
an inorganic acid salt (e.g., hydrochloride, sulfate, hydrobromide, phosphate etc.), an organic acid salt (e.g., acetate, 
trifluoroacetate, succinate, maleate, fumarate, propionate, citrate, tartrate, lactate, oxalate, methanesulfonate, p-tol- 
uenesulfonate etc.) and the like. 

[0038] The compound (I) of the present invention encompasses hydrates. Examples of the "hydrate" include 0.5 
hydrate - 5.0 hydrate. Of these, 0.5 hydrate, 1 .0 hydrate, 1 .5 hydrate and 2.0 hydrate are preferable. 
[0039] The compound (I) of the present invention encompasses racemates, optically active compounds and a mixture 
thereof. As the optically active compound, such compound wherein one enantiomer is in enantiomer excess (e.e.) of 
not less than 90% is preferable, more preferably in enantiomer excess (e.e.) of not less than 99%. As an optically 
active form, an (R)-form represented by the formula 




wherein each symbol is as defined above, is preferable. 

[0040] In the definition of A and R In the fomiula (I) of the present invention, the "A is an alkylidene group having 2 
or more carbon atoms and optionally having substituent(s), R is a hydrocarbon group optionally having substituent(s) 
or a heterocyclic group optionally having substituent(s), or A and R may be bonded to each other to form a 4- to 
8-membered ring optionally having substltuent(s)'' Includes (i) an embodiment wherein A and R are bonded to each 
other to fomi a 4- to 8-membered ring optionally having substltuent(s) and D is an oxygen atom or a bond, and (ii) an 
embodiment wherein A and R are not bonded to each other, A is an alkylidene group having 2 or more carbon atoms 
and optionally having substituent(s), and R Is a hydrocarbon group optionally having substituent(s) or a heterocyclic 
group optionally having substituent(s). 

[0041] The compound (I) can be produced by a method known per se, such as the methods described in US Patent 
Nos. 4,873,337 and 5,021 ,433, or a similar method, such as the following methods A and B. 

Method A 

[0042] The compound (II) or a salt thereof Is condensed with compound (III), whereby compound (I) or a salt thereof 
can be obtained. 



in 
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(II) 



CH3 OCH2CF3 




CH3 OCH2CF3 



(I) 



wherein M is a hydrogen atom, a metal cation or a quaternary ammonium ion, X Is a leaving group, and other symbols 
are as defined above. 

15 [0043] As the leaving group for X, a halogen atom (chlorine atom, bromine atom, fluorine atom, iodine atom), a C^^ 
alkylsulfonyloxy group (e.g., methanesulfonyloxy, ethanesulfonyloxy etc.) and a Cq^-^q arylsulfonyloxy group (e.g., ben- 
zenesulfonyloxy, p-toluenesulfonyloxy etc.) can be mentioned. 

[0044] For example. Method A is perfonned by reacting compound (II) or a salt thereof with compound (III) In the 
presence of a base. To be specific, for example,, a base is added to a mixed solution of compound (II) or a salt thereof 

20 and compound (III), and the mixture is stirred. 

[0045] The salt of compound (II) here is exemplified by those similar to the above-mentioned salts of compound (I), 
which are acid addition salts such as inorganic acid salts (e.g., hydrochloride, sulfate, hydrobromide, phosphate etc.), 
organic acid salts (e g , acetate, trifluoroacetate, succinate, maleate, fumarate, propionate, citrate, tartrate, lactate, 
oxalate, methanes ulfon ate, p-toluenesulfonate etc.), and the like. 

25 [0046] The reaction of Method A is generally conducted in a solvent, and a solvent that does not inhibit the above- 
mentioned reaction is selected as appropriate. Examples of such solvent Include alcohols (e.g., methanol, ethanol, 
propanol, Isopropanol, butanol, tert-butanol etc.), ethers (e.g., dioxane, tetrahydrofuran, diethyl ether, tert-butyl methyl 
ether, diisopropyl ether, ethylene glycol dimethyl ether etc.), esters (e.g., ethyl formate, ethyl acetate, n-butyl acetate 
etc.), halogenated hydrocarbons (e.g., dichloromethane, chloroform, carbon tetrachloride, trichlene, 1,2-dichlo- 

30 roethane etc.), hydrocarbons (e.g., n-hexane, benzene,.toluene etc.), amides (e.g., fonmamide, N,N-dimethylforma- 
mlde, N,N-dlmethylacetamide etc.), ketones (e.g., acetone, methyl ethyl ketone, methyl isobutyl ketone etc.), nitriles 
(e.g., acetonltrile, propionitrile etc.) and the like, as well as dimethyl sulfoxide, sulfolane, hexamethylphosphoramlde, 
water and the like, which may be used alone or as a mixed solvent. The amount of the solvent to be used Is not 
particularly limited as long as the reaction mixture can be stirred, which is generally a 2- to 1 00-fold amount by weight 

55 of compound (II) or a salt thereof. 

[0047] The base in Method A is, for example, an inorganic base such as C^.g alkyi lithium or Cg.fQ aryl lithium (e.g., 
methyl lithium, ethyl lithium, n-butyl lithium, sec-butyl lithium, tert-butyl lithium, phenyl lithium etc.), lithium C2.6 alkyla- 
mides (e.g., lithium dimethylamlde, lithium diethylamide, lithium diisopropylamlde etc.), metal hydrides (e.g., lithium 
hydride, sodium hydride etc.), alkali metal C^,g alkoxides (e.g., lithium ethoxide, lithium tert-butoxide, sodium methox- 

40 ide, sodium ethoxide. potassium tert-butoxIde etc.), alkali metal amides (e.g., lithium amide, potassium amide, sodium 
amide etc.), alkali metal hydroxides (e.g., lithium hydroxide, potassium hydroxide, sodium hydroxide etc.), carbonates 
or bicarbonates of alkali metal (e.g., sodium cart3onate, potassium carbonate, cesium carbonate, sodium hydrogen 
carbonate etc.) and the like; organic bases such as tertiary amine (e.g.. triethylamine, tri(n-propyl) amine, tri(n-butyl) 
amine, diisopropylethylamine, cyclohexyldimethylamine, pyridine, 4-(dimethylamino)pyridine, lutidine, y-collidine, N,N- 

45 dimethylaniline, N-methylpiperidine, N-methylpyrrolidine, N-methylmorpholine etc.) and the like. The lower limit of the 
amount of the base to be used Is generally not less than 0.1 mol, preferably not less than 0.5 mol, more preferably not 
less than 1 mol, and the upper limit is generally not more than 10 mol, preferably not more than 3 mol, relative to 1 
mol of compound (II) or a salt thereof. 

[0048] In Method A, generally 1 mol - 5 mol, preferably 1 mol - 3 mol, of compound (III) can be used per 1 mol of 
so compound (II). 

[0049] Method A is generally perfomned at a temperature of from about -80*'C to 100^*0, preferably 0°C to GO'^C, 
depending on the kinds of compounds (II) and (III) and the solvent, reaction temperature and the like, and generally 
completes in 1 min.-72 hrs., preferably 15 min. - 24 hrs. 

[0050] The compound (11) can be produced according to the method described in JP-A-61 -50978, USP 4,628,098 
55 and the like or a method similar thereto. 

[0051] The compound (III) is produced according to the methods described in Journal of The American Chemical 
Society, vol. 43, p. 651 (1921), J P-B-6 1-40246, JP-B-4-58460 and Journal of The American Chemical Society, vol. 
105, p. 7592 (1983) or a method analogous thereto. 
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[0052] When X of compound (111) is other than iodine, lithium iodide, sodium iodide and the like are used to convert 
compound (III) to compound (III) wherein X is Iodine, which can be then subjected to a reaction with compound (11). 

Method B 

[0053] The compound (t) or a salt thereof can be obtained by subjecting compound (IV) or a salt thereof to an oxidation 
reaction. 



15 




20 wherein each symbol is as defined above. 

[0054] For example, the reaction in Method B can be carried out using an oxidant such as nitric acid, hydrogen 
peroxide, peroxy acid (e.g., magnesium monoperoxyphthalic acid etc.), peroxy acid ester, ozone, dinltrogen tetraoxide, 
iodosobenzene, N-halosuccinimide, 1 -ehlorobenzotriazole, tert-butyl hypochlorite, diazabicyclo[2.2.2]oetane-bromine 
complex, sodium metaperlodate, selenium dioxide, manganese dioxide, chromic acid, cerium ammonium nitrate, bro- 

25 mine, chlorine, sulfuryl chloride, 3-chloroperoxybenzolc acid and the like. The amount of the oxidant to be used is 
generally 0.5 mol - 2 mol, preferably 0.8 mol - 1 .2 mol, per 1 mol of compound (IV) or a salt thereof. When the oxidation 
is carried out using the above-mentioned hydrogen peroxide or peroxy acid as an oxidant, it can be also perfomried in 
the presence of a catalyst such as vanadium acetate and the like. 

[0055] The reaction of Method B is generally carried out in a solvent inert to the above-mentioned oxidation reaction. 

30 Examples of the "solvent inert to the above-mentioned, oxidation reaction" include water, alcohols (e.g., methanol, 
ethanol, 1-propanol, 2-propanol etc.), ketones (e.g., acetone, methyl ethyl ketone etc.), nitrites (e.g., acetonitrile, pro- 
plonitrile etc.), amides (e.g., fomnamide, N,N-dimethylformamide etc.), ethers (e.g., diethyl ether, tert-butyl methyl ether, 
dlisopropyl ether, dioxane, tetrahydrof uran etc.), sulfoxides (e.g. , dimethyl sulfoxide etc.), polar solvents (e.g., sulfolane, 
hexamethylphosphoramide etc.), halogenated hydrocarbons (e.g., dichloromethane, etc.) and hydrocarbons (e.g., n- 

35 hexane, benzene, toluene, etc.), which may be used alone or as a mixed solvent thereof. The "solvent inert to the 
above-mentioned oxidation reaction" is used in an amount of generally not less than a 1-fold amount by weight of 
compound (IV) ora salt thereof for the lower llrhit, and generally not more than a 200-fold amount by weight of compound 
(IV) or a salt thereof, preferably not more than a 1 00-fold amount by weight of compound (IV) or a salt thereof for the 
upper limit. 

40 [0056] The reaction of Method B is generally carried out at a temperature of from -80'*C to 80**C, preferably O^C to 
30*C and generally completes in 1 min. - 6 hrs,, preferably 15 min. - 1 hr. 

[0057] For example, the compound (IV), which is a starting material of Method B, can be obtained by subjecting 
2-[P-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridyl]methyl]thio]-1H-ben2lmidazole to a reaction similar to the reaction In 
Method A. Namely, compound (IT), wherein the -S(=0)- group of compound (II) has been converted to an -S- group, 
^5 Is reacted with compound (III) underthe conditions similar to those In the above-mentioned method A to give compound 
(IV). When compound (11') and compound (III) are reacted, the reaction may be carried out In the co-presence of a 
catalyst such as 18-crown-6. In addition, when X of compound (III) is other than Iodine, it is possible to convert X of 
compound (111) to iodine using lithium iodide, sodium iodide and the like, and react the resulting compound (Ml) with 
compound (IT). 

so [0058] The salt of compound (IV) Is exemplified by the above-mentioned salts of the compound (I), which are acid 
addition salts such as inorganic acid salt (e.g., hydrochloride, sulfate, hydrobromlde, phosphate etc.), organto acid 
salts (e.g., acetate, trifluoroacetate, succinate, maleate, fumarate, propionate, citrate, tartrate, lactate, oxalate, meth- 
anesulfonate, p-toluenesulfonate etc.) and the like. 

[0059] The compound (I) and a salt thereof obtained by the above-mentioned methods A and B can be isolated and 
55 purified from the reaction mixture by a separation means known perse (e.g., concentration, concentration under re- 
duced pressure, solvent extraction, crystallization, recrystalllzatlon, phase transfer, chromatography etc.). 
[0060] One of the starting materials of Method A, (R)-2-[[[3-methyl-4-(2,2,2-trif luoroethoxy)-2-pyridyl]methyl]sulfinyl]- 
IH-benzimldazole, can be produced by, for example, (A) subjecting 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridyl] 
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methyl]sulfinyl]-1H-benzimldazole or a salt thereof to optical resolution, (B) asymmetric oxidation of 2-[[[3-methyl- 
4-(2,2,2-trifluoroethoxy)-'2-pyridyl]methyl]thio]-1H-ben2lmldazole or (C) the production method described In 
WOOO/78745. WO01/83473 and the like, and the like. 

[0061] The method of optical resolution of (A) Includes methods known per se, such as fractional recrystalllzation 
s methods, chlral column methods, dlastereomer methods. and so forth. 

[0062] Asymmetric oxidation of (B) Includes methods known per se. such as the method described in WO96/02535 
and the like. 

[0063] The "fractional recrystalllzation method" Includes a method in which a salt is fomned between a racemate and 
an optically active compound [e.g., (+)-mandel(c acid, (O-mandellc add, (•f)-tartaric acid, (-)-tartaric acid, (+)- 

10 1-phenethylamlne, (-)-l-phenethylamlne, cinchonlne, (-)-clnchonldlne, bruclne etc.], which salt is separated by frac- 
tional recrystalllzation etc. and, if desired, subjected to a neutralization process to give a free optical isomer 
[0064] The "chiral column method" includes a method in which a racemate or a salt thereof is applied to a column 
for optical isomer separation (chiral column). In the case of liquid chromatography, for example, optical Isomers are 
separated by adding a racemate to a chiral column such as ENANTIO-OVM (produced by Tosoh Corporation), the 

'5 CHIRAL series (produced by Daicel Corporation) and the like, and developing the racemate in water, a buffer (e.g., 
phosphate buffer), an organic solvent (e.g., hexane, ethanol, methanol, isopropanol, acetonltrile, trifluoroacetic acid, 
diethylamine, triethylamine etc.), or a solvent mixture thereof. In the case of gas chromatography, for example, a chiral 
column such as CP-Chirasil-DeX CB (produced by GL Science) and the like is used to separate optical Isomers. 
[0065] The "diastereomer method" includes a method In which a racemate and an optically active reagent are reacted 

20 (preferably, an optically active reagent is reacted with the group at the 1 -position of the benzimidazole group) to give 
a diastereomeric mixture, which is then subjected to ordinary separation means (e.g., fractional recrystalllzation, chro- 
matography etc.) to obtain either diastereomer, which is subjected to a chemical reaction (e.g., acid hydrolysis, base 
hydrolysis, hydrogenolysis etc.) to cut off the optically active reagent moiety, whereby the desired optically active com- 
pound is obtained. Said "optically active reagent" includes, for example, optically active organic acids such as MTPA 

25 [a-methoxy-a-(trifluoromethyl)phenylacetic acid], (-)-menthoxyacettc acid and the like, optically active alkoxymethyl 
halides such as (1 R-endo)-2-(chloromethoxy)-1 ,3,3-trimethylbicyclo[2.2.1]heptane and the like, and the like. The com- 
pound (1) and a salt thereof of the present Invention may be racemates or optically active compounds. They are par- 
ticularly preferably In an (R)-form, 

[0066] The compound (I) and a salt thereof of the present invention are converted to 2-[[[3-methyl-4-(2,2,2-trifIuor- 

30 oethoxy)-2-pyridyl]methyl]sulfinyl]-1 H-benzimidazole (hereinafter sometimes to be referred to as lansoprazole), which 
is a conventionally known proton pump Inhibitor, In living organisms, and are useful as phamnaceutlcal agents, because 
they have a superior anti-ulcer activity, a gastric acid secretlon-suppressive action, a mucosa-protecting action, an 
anW'Helicobacter pylori action and the like, and show low toxicity. In addition, since they are stable to acid, they do not 
require formulation Into an enteric-coated preparation for oral administration, which in turn eliminates the cost for for- 

35 mulating enteric-coated preparation. Moreover, the tablet can be made smaller, which is easily swallowed by patients 
having difficulty In swallowing, particularly the elderly and children. Furthermore, since absorption Is faster than in 
enteric-coated preparations, expression of gastric acid secretlon-suppresslve action is rapid. The preparation is long- 
acting because it Is gradually converted to a conventionally known proton pump inhibitor In living organisms. Conse- 
quently, the compounds are useful as anti-ulcer agents and the like. 

40 [0067] The compound (1) and a salt thereof of the present invention are useful for the prophylaxis or treatment of 
peptic ulcer (e.g., gastric ulcer, gastric ulcer due to post-operative stress, duodenal ulcer, anastomotic ulcer, Zolllnger- 
Elllson syndrome, ulcer caused by nonsteroidal antiinflammatory etc.); gastritis; reflux esophagitis; symptomatic gas- 
troesophageal reflux disease (symptomatic GERD); NUD (Non Ulcer Dyspepsia); gastric cancer (including gastric 
cancer due to promoted production of lnterleukin-1p caused by genetic polymorphism of interieukln-1); gastric MALT 

^5 lymphoma; Zollinger-Ellison syndrome; gastric hyperacidity (e.g. gastric hyperacidity due to post-operative stress); 
hemorrhage of upper gastrointestinal tract caused by acute stress ulcer, hemorrhagic gastritis, Invasion stress (stress 
due to major surgery requiring Intensive management after operation and cerebrovascular disorder, external injury In 
the head, multiple organ failure and extensive burn requiring intensive treatment) etc., and the like, pre-anesthetlc 
administration, eradication of Helicobacter pylori, and the like, in mammals (e.g., human, simian, sheep, cattle, horse, 

50 dog, cat, rabbit, rat, mouse etc.). 

[0068] The content of compound (I) or a salt thereof of the present invention in the phamnaceutlcal composition of 
the present Invention is about 0.01 to 100% by weight relative to the entire composition. Though subject to change 
depending on the administration subject, administration route, target disease and the like, its dose is about 0.5 to 1 ,500 
mg/day, preferably about 5 to 150 mg/day, based on the active ingredient, when, for example, the compound Is orally 

55 administered as an anti-ulcer agent to an adult human (60 kg). The compound (1) or a salt thereof of the present 
invention may be administered once daily or In 2 or 3 divided portions per day. 

[0069] The compound (I) and a salt thereof of the present Invention show low toxicity and can be safely administered 
orally or parenterally (e.g., topical, rectal, intravenous administrations etc.) as they are or as a preparation containing 
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a pharmaceutical composition containing a pharmacologically acceptable can-ier admixed according to a method known 
per se, such as tablets (including sugar-coated tablets and film-coated tablets), powder, granule, capsule (including 
soft capsule), orally disintegrating tablet, liquid, injection, suppository, sustained-release preparation, plaster and the 
like. Particularly, they are preferably administered as oral agents in the form of tablet, granules, capsule and the like. 

5 [0070] The pharmacologically acceptable carrier that rnay be used to produce the phamnaceutlcal composition of 
the present invention includes various organic or inorganic carrier substances in common use as pharmaceutical ma- 
terials, including excipients, lubricants, binders, disintegrants, water-soluble polymers and basic inorganic salts for 
solid preparations; and solvents, dissolution aids, suspending agents, isotonizing agents, buffers and soothing agents 
for liquid preparations and the like. Other ordinary additives such as preservatives, anti-oxidants, coloring agents, 

10 sweetening agents, souring agents, bubbling agents, flavors etc. may be also used as necessary. 

[0071] Such "excipients" include, for example, lactose, sucrose, D-mannltol, starch, cornstarch, crystalline cellulose, 
light silicic anhydride, titanium oxide and the like. 

[0072] Such "lubricants" include, for example, magnesium stearate, sucrose fatty acid esters, polyethylene glycol, 

talc, stearic acid and the like. 

IS [0073] Such "binders" include, for example, hydroxypropyl cellulose, hydroxypropylm ethyl cellulose, crystalline cel- 
lulose, starch, polyvlnytpyrrolidone, gum arable powder, gelatin, pullulan, iow-substltuted hydroxypropyl cellulose and 
the like. 

[0074] Such "disintegrants" Include (1) crossllnked povidone, (2) what Is called super-dislntegrants such as 
crosslinked carmellose sodium (FMC-Asahi Chemical) and carmellose calcium (Gotoku Yakuhin) etc., (3) carboxyme- 

^ thyl starch sodium (e.g., product of Matsutani Chemical), (4) low-substituted hydroxypropyl cellulose (e.g., product of 
Shin-Etsu Chemical), (5) corn starch, and so forth. Said "crosslinked povidone" may be any crosslinked polymer having 
the chemical name 1 -ethenyl-2-pyrrolidinone homopolymer, including polyvlnylpolypyrrolidone (PVPP) and 1-vinyl- 
2-pyrrolidinone homopolymer, and Is exemplified by Colidon CL (produced by BASF), Polyplasdon XL (produced by 
ISP), Polyplasdon XL-10 (produced by ISP), Polyplasdon INF-10 (produced by ISP) and the like. 

25 [0075] Such "water-soluble polymers" include, for example, ethanoi-soluble water-soluble polymers [e.g., cellulose 
derivatives such as hydroxypropyl cellulose (hereinafter also referred to as HPC) etc., polyvinylpyn^olidone and the 
like], ethanol-insoluble water-soluble polymers [e.g., cellulose derivatives such as hydroxypropylmethyl cellulose (here- 
inafter also referred to as HPMC), methyl cellulose, carboxymethyl cellulose sodium etc., sodium polyacrylate, polyvinyl 
alcohol, sodium alginate, guar gum etc.] and the like. 

30 [0076] Such "basic inorganic salts" include, for example, basic inorganic salts of sodium, potassium, magnesium 
and/or calcium. Pretended are basic inorganic salts of magnesium and/or calcium. More preferred are basic inorganic 
salts of magnesium. Such basic inorganic salts of sodium Include, for example, sodium carbonate, sodium hydrogen 
carbonate, disodium hydrogenphosphate and the like. Such basic inorganic salts of potassium include, for example, 
potassium carbonate, potassium hydrogen carbonate and the like. Such basic inorganic salts of magnesium include, 

55 for example, heavy magnesium cartDonate, magnesium carbonate, magnesium oxide, magnesium hydroxide, magne- 
sium metasllicate aluminate, magnesium silicate, magnesium aluminate, synthetic hydrotalclte [Mg^Alg 
(OH)ie*C03*4H20] , and alumina hydroxide magnesium. Preferred are heavy magnesium carbonate, magnesium car- 
bonate, magnesium oxide, magnesium hydroxide and the like. Such basic inorganic salts of calcium include, for ex- 
ample, precipitated calcium carbonate, calcium hydroxide, and the like. 

^0 [0077] Such "solvents" include, for example, water for injection, alcohol, propylene glycol, macrogol, sesame oil, 
corn oil, olive oil and the like. 

[0078] Such "dissolution aids" Include, for example, polyethylene glycol, propylene glycol, D-mannltol, benzyl ben- 
zoate, ethanol, trisamtnomethane, cholesterol, triethanolamine, sodium carbonate, sodium citrate and the like. 
[0079] Such "suspending agents" include, for example, surfactants such as stearyltriethanolamine, sodium lauryl 
45 sulfate, laurylaminopropionic acid, lecithin, benzalkonlum chloride, benzethonium chloride, monostearic glycerol etc.; 
hydrophllic polymers such as polyvinyl alcohol, polyvinylpyrrolidone, carboxymethyl cellulose sodium, methyl cellulose, 
hydroxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose etc., and the like. 

[0080] Such "Isotonizing agents" include, for example, glucose, D-sorbitol, sodium chloride, glycerol, D-mannltol and 
the like. 

50 [0081] Such "buffers" include, for example, buffer solutions of phosphates, acetates, carbonates, citrates etc.. and 
the like. 

[0082] Such "soothing agents" include, for example, benzyl alcohol and the like. 

[0083] Such "preservatives" include, for example, p-oxybenzolc acid esters, chlorobutanol, benzyl alcohol, phenethyl 
alcohol, dehydroacetic acid, sorbic acid and the like. 
55 [0084] Such "antioxidants" Include, for example, sulfites, ascortaic acid, a-tocopherol and the like. 

[0085] Such "coloring agents" include, for example, food colors such as Food Color Yellow No. 5, Food Color Red 
No. 2, Food Color Blue No. 2 etc.; food lake colors, red oxide and the like. 

[0086] Such "sweetening agents" include, for example, saccharin sodium, dipotassium glycyrrhizinate, aspartame. 
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stevia, thaumatin and the like. 

[0087] Such "souring agents" include, for example, citric acid (citric anhydride), tartaric acid, malic acid and the like. 
[0088] Such "bubbling agents** Include, for example, sodium bicarbonate and the like. 

[0089] Such "flavors" may be synthetic substances or naturally occurring substances, and Include, for example, 

5 lemon, lime, orange, menthol, strawberry and the like. 

[0090] The compound of the present invention may be prepared as a preparation for oral administration in accordance 
with a commonly-known method, by, for example, compression-shaping in the presence of a carrier such as an exctp- 
lent, a dislntegrant, a binder, a lubricant, or the like, and subsequently coating the preparation as necessary by a 
commonly known method for the purpose of taste masking, enteric dissolution or sustained release. For an enteric 

10 preparation, an intermediate layer may be provided by a commonly known method between the enteric layer and the 
drug-containing layer for the purpose of separation of the two layers. 

[0091] For preparing the compound (I) or a salt thereof of the present invention as an orally disintegrating tablet, 
available methods include, for example, a method in which a core containing crystalline cellulose and lactose Is coated 
with the compound (!) or a salt thereof of the present Invention and, where necessary, a basic inorganic salt, and then 
'5 further coated with a coating layer containing a water-soluble polymer to give a composition, which is coated with an 
enteric coating layer containing polyethylene glycol, further coated with an enteric coating layer containing triethyl 
citrate, still further coated with an enteric coating layer containing polyethylene glycol, and finally coated with mannitol 
to give fine granules, which are mixed with additives and shaped. 

[0092] The above-mentioned "enteric coating layer" includes, for example, a layer consisting of a mixture of one or 
20 more kinds from aqueous enteric polymer substrates such as cellulose acetate phthalate (CAP), hydroxypropylmethyl 
cellulose phthalate, hydroxymethyl cellulose acetate succinate, methacrylic acid copolymers (e.g., Eudragit L30D-55 
(trade name; produced by Rohm), Colicoat MAE30DP (trade name; produced by BASF), Polyquld PASO (trade name; 
produced by Sanyo Chemical) etc.), carboxymethylethy I cellulose, shellac and the like; sustained-release substrates 
such as methacrylic acid copolymers (e.g., Eudragit NE30D (trade name), Eudragit RL30D (trade name), Eudragit 
25 RS30D (trade name) etc.) and the like; water-soluble polymers; plasticizers such as triethyl citrate, polyethylene glycol, 
acetylated monoglycerides, triacetin, castor oil and the like; and the like. 

[0093] The above-mentioned "additive" includes, for example, water-soluble sugar alcohols (e.g., sorbitol, mannitol, 
maltltol, reduced starch saccharides, xylitol, reduced palatinose, erythritol etc.), crystalline cellulose (e.g., Ceolas KG 
801, Avicel PH 101, Avicel PH 102, Avicel PH 301, Avicel PH 302, Avicel RC-591 (crystalline cellulose carmellose 
30 sodium) etc.), low-substituted hydroxypropyl cellulose (e.g.. LH-22, LH-32, LH-23, LH-33 (Shin-Etsu Chemical), mix- 
tures thereof etc.) and the like. Furthermore, binders, souring agents, bubbling agents, sweetening agents, flavors, 
lubricants, coloring agents, stabilizers, excipients, disintegrants etc. are also used. 

[0094] The compound of the present invention may be further used in combination with 1 to 3 other active ingredients. 
[0095] Such "other active ingredients" include, for example, anX\- Helicobacter pyion active substances. Imidazole 

35 compounds, bismuth salts, quinolone compounds, and so forth. 

[0096] Such "ar)t\-Helicobacter pylori active substances" include, for example, antibiotic penicillins (e.g., amoxicillin, 
benzylpenicillin, piperacillin, mecillinam etc.), antibiotic cefems (e.g., cefixime, cefaclor etc.), antibiotic macrolides (e. 
g., erythromycin, clarithromycin etc.), antibiotic tetracyclines (e.g., tetracycline, minocycline, streptomycin etc.), anti- 
biotic aminoglycosides (e.g., gentamicin, amikacin etc.), imipenem and so forth. Of these substances, preferred are 

40 antibiotic penicillins, antibiotic macrolides and the like. 

[0097] Such "Imidazole compounds" include, for example, metronidazole, miconazole and the like. 

[0098] Such "bismuth salts" include, for example, bismuth acetate, bismuth citrate and the like. 

[0099] Such "quinolone compounds" Include, for example, ofloxacin, ciploxacin and the like. 

[0100] For eradication of Helicobacter pylori, a combination therapy of compound (I) or a salt thereof of the present 

45 invention with antibiotic penicillin (e.g., amoxicillin etc.) and antibiotic erythromycin (e.g., clarithromycin etc.) is partic- 
ularly preferable. 

[0101] Such "other active ingredients" and the compound (I) or a salt thereof of the present invention may be mixed, 
prepared as a single phamnaceutical composition [e.g., tablets, powders, granules, capsules (Including soft capsules), 
liquids, injectable preparations, suppositories, sustained-release preparations etc.] in accordance with a commonly 
50 known method, and used in combination, and may also be prepared as separate preparations and administered to the 
same subject simultaneously or at a time Interval. 

Examples 

55 [0102] The present invention is explained in more detail by referring to Reference Examples and Examples, which 
are not to be construed as limitative. 

[01 03] In the following Reference Examples and Examples, the term "room temperature" indicates about 1 5 to SCC. 
[0104] iR-NMR spectra were determined with CDCI3 as the solvent using Varian Gemini-200 and Mercury-300; data 
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are shown In chemical shift 5(ppm) from the internal standard tetramethylsilane. 

[0105] Optical rotation [aJo was detennlned at 20*»C, using the DIP-370 Digital polarimeter (produced by JASCO). 

[0106] The enanttomer excess (%ee) was measured by high performance liquid chromatography using an optically 

active column under the following conditions. 
5 high performance liquid chromatography conditions (A); 

column: CHIRALCEL OD (manufactured by Daicel Chemical Industries. Ltd.) 

mobile phase: hexane/ethanol=90/10 

flow rate: 1 .0 mLymin. 

detection: UV 285 nm 
10 The other symbols used herein have the following definitions: 

s: singlet 
d: doublet 
t: triplet 
IS q: quartet 

m: multiplet 
bs: broad singlet 
J: coupling constant 

20 Reference Example 1 

(R)-2-[[[3-Methyl-4-(2,2.2-trifluoroethoxy)-2-pyridinyl]methyI]sulflnyl]-1H-benzimidazole 

[0107] 2-[[[3-Methyl-4-(2,2,2-trrfluoroethoxy)-2-pyridinyl]methyl]thio]-1 H-benzimidazole (4.5 kg, 1 2.7 mol, containing 

25 water 1 .89 g). toluene (22 L). water (25 g, 1 .39 mol, 1 .49 mol as total water content) and (+)'diethyi tartrate (0.958 L, 
5.60 mol) were mixed under a nitrogen stream. Titanium(IV) isopropoxide (0.747 L, 2.53 mol) was added to the mixture 
at 50 - 60**C under a nitrogen stream, and the mixture was stirred at the same temperature for 30 min. Diisopropyl- 
ethylamrne (0.733 L, 4.44 mol) was added to the obtained mixture at room temperature under a nitrogen stream, and 
cumene hydroperoxide (6.88 L, content 82%, 37.5 mol) was added at -5**C to 5**C. The mixture was stirred at -5*0 to 

30 50c for 1 .5 hrs. 30% Aqueous sodium thiosulfate solution (17 L) was added to the reaction mixture under a nitrogen 
stream, and the remaining cumene hydroperoxide was decomposed. After partitioning, water (4.5 L), heptane (13.5 
L), t-butyl methyl ether (1 8 L) and heptane (27 L) were added successively to the obtained organic layer, and crystals 
were precipitated under stirring. The crystals were separated and washed with t-butyl methyl ether-toluene (t-butyl 
methyl ether:toluene=4:1) (4 L). A suspension of the wet crystals in acetone (20 L) was added dropwise with stirring 

35 to a mixture of acetone (7 L) and water (34 L). and water (47 L) was added. The precipitated crystals were separated 
and washed with acetone-water (acetone: water=1 :3)(4 L) and water (12 L). The wet crystals were dissolved in ethyl 
acetate (45 L) and water (3 L) , and the mixture was partitioned. The trace amount of the insoluble material in the organic 
layer was filtered off, and triethylamine (0.2 L) was added. The mixture was concentrated under reduced pressure until 
the liquid amount became about 7 L. Methanol (2.3 L), ca. 12.5% aqueous ammonia (23 L, ca. 50*C) and t-butyl methyl 

40 ether (22 L, ca. 50''C) were added to the concentrate, and the mixture was partitioned. To the organic layer was added 
ca. 12.5% aqueous ammonia (11 L), and the mixture was partitioned (this step was repeated once). The aqueous 
layers were combined, and ethyl acetate (22 L) was added. Acetic acid was added dropwise under cooling, and pH 
was adjusted to about 8. After partitioning, the aqueous layer was extracted with ethyl acetate (11 L). The organic 
layers were combined and washed with ca. 20% brine (11 L). After addition of triethylamine (0.2 L), the organic layer 

45 was concentrated under reduced pressure. Acetone (5 L) was added to the concentrate, and the mixture was concen- 
trated under reduced pressure. The concentrate was dissolved in acetone (9 L), and the solution was added dropwise 
to a mixture of acetone (4.5 L) and water (22.5 L), and water (18 L) was added dropwise to the obtained mixture. The 
precipitated crystals were separated and washed successively with cooled acetone-water (acetone :water=1 :3) (3 L) 
and water (1 2 L). The wet crystals were dissolved in ethyl acetate (32 L). The aqueous layer thus separated was taken 

so by partitioning, and the obtained organic layer was concentrated under reduced pressure until the liquid amount became 
about 14 L. Ethyl acetate (36 L) and activated carbon (270 g) were added to the residual liquid and, after stirring, the 
activated cartDon was filtered off. The filtrate was concentrated under reduced pressure until the liquid amount became 
about 14 L. Heptane (90 L) was added dropwise to the remaining liquid at about 40**C. After stirring at the same 
temperature for about 30 min., the crystals were separated and washed with ethyl acetate-heptane (ethyl acetate: 

55 heptane=1 :8, 6 L, ca. 40''C). Drying gave the title compound (3.4 kg). The enantlomer excess of this compound was 
100% ee. 
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Reference Example 2 

1 -Chloroethyl ethyl carbonate 

5 [01 08] 1 -Chloroethyl chlorof omnate (7. 1 4 g) was added dropwise to a solution (60 mL) of ethanol (2.30 g) and pyridine 
(3.95 g) in tetrahydrofuran at -78**C. The mixture was stin'ed at room temperature for 2 days, and the precipitated solid 
was filtered off and washed with diethyl ether. The filtrate and the washing solution were combined, and the mixture 
was washed with saturated brine (1 5 mL) and dried over anhydrous magnesium sulfate. After filtration, the filtrate was 
concentrated under reduced pressure, and the residue was distilled under reduced pressure to give the title compound 

10 (7.01 g) as a colorless liquid. 

1H-NMR(CDCI3): 1.34(3H,t,J=7.2Hz), 1 .83(3H.d.J=5.8Hz). 4.27(2H,q.J=:7.2Hz). 6.44(1 H,q.J=5.8Hz). 

Reference Example 3 

'5 1 -Chloroethyl trimethylacetate 

[0109] To a mixture of trimethylacetyl chloride (12.1 g) and para-aldehyde (6.1 7 g) was added a catalytic amount of 
zinc chloride and the mixture was stirred at 90^0 for 1 hr. Diethyl ether (150 mL) was added, and the mixture was 
washed with aqueous sodium hydrogen carboriate (100 mL) and dried over anhydrous magnesium sulfate. After con- 
20 centration under reduced pressure, the residue was distilled under reduced pressure to give 1 -chloroethyl trimethyla- 
cetate (12.2 g) as a coloriess oil. 

1H-NMR(CDCI3): 1.22(9H,s), 1 .80(3H.d,J=5.9H2), 6.54(1H,q, J=5.9Hz). 
Reference Example 4 

25 

1 -Chloroethyl 2-methylpropanoate 

[01 10] To a mixture of isobutyryl chloride (1 0.7 g) and para-aldehyde (6. 1 7 g) was added a catalytic amount of zinc 
chloride and the mixture was stirred at 80**C for 1 hr. Diethyl ether (150 mL) was added, and the mixture was washed 
30 with aqueous sodium hydrogen carbonate (1 00 mL) and dried over anhydrous magnesium sulfate. After concentration 
under reduced pressure, the residue was distilled under reduced pressure to give 1 -chloroethyl 2-methylpropanoate 
(8.17 g) as a coloriess oil. 

^H-NMR (CDCI3): 1.19(3H,d,J=7.0Hz), 1 .20(3H,d,J=7.0Hz), 1.79(3H,d,J=5.9Hz), 2.47-2.69(1 H.m). 6.55(1H.q, 
J=5.9Hz). 

35 

Reference Example 5 

1-Chloropropyl trimethylacetate 

40 [0111] To a mixture of trimethylacetyl chloride (12,1 g) and propionaldehyde (8.13 g) was added a catalytic amount 
of zinc chloride and the mixture was stinted at OO^'C for 30 min. Diethyl ether (200 mL) was added, and the mixture was 
washed with aqueous sodium hydrogen carbonate (100 mL) and dried over anhydrous magnesium sulfate. After con- 
centration under reduced pressure, the residue was distilled under reduced pressure to give 1-chloropropyl trimethy- 
lacetate (9.13 g) as a pale-yellow oil. 

4S 1H-NMR (CDCI3) : 1.06(3H,t,J=7.3Hz), 1.23 (9H,s). 1.97-2.13 (2H,m), 6.38 (1H.t,J=6.7Hz). 

Reference Example 6 

1 -Chloroethyl 1 ,3-dlethoxy-2-propyl carbonate 

so 

[0112] Using 1 ,3-diethoxy-2-propanol (5.00 g) and by a similar operation as In Reference Example 2, the title com- 
pound (8.03 g) was obtained as a pale-yellow liquid. 

^H-NMR(CDCl3): 1 .10-1 .30(6H.m), 1 .83(3H,d.J=5.6Hz). 3.40-3.70(8H,m), 5.02 (1H, quintet, J=5.2Hz) , 6.43(1H,q, 
J=5.6Hz). 

55 
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Reference Example 7 

1 .3-Diethoxy-2-propyl 1 -iodoethyl carbonate 

[01 13] To a solution (5 mL) of the compound (3.0 g) of Reference Example 6 In carbon disulfide were added sodium 
Iodide (2.39 g) and zinc chloride (0.15 g) and the mixture was stirred at room temperature for 2 hrs. The reaction 
solution was extracted with diethyl ether - water, and the organic layer was washed successively with saturated brine, 
aqueous sodium thiosulfate solution and saturated brine. After drying over anhydrous sodium sulfate, and the solvent 
was evaporated under reduced pressure to give the title compound (3.15 g) as a pale-yellow liquid. 
1H-NMR (CDCI3) : 1.10-1.40 (6H.m), 2.24(3H,d.J=6.2Hz). 3.40-3.80(8H,m), 5.02(1H,m), 6,77(1 H.q.J=6.2Hz). 

Reference Example 8 

1-Chloroethyl 1 ,3-dimethoxy-2-propyl carbonate 

[0114] Using 1 ,3-dimethoxy-2-propanol (5.00 g) and by a similar operation as in Reference Example 2, the title 
compound (8.08 g) was obtained as a pale-yellow liquid. 

1 H-NMR(CDCl3): 1 .83(3H,d,J=5.6Hz), 3.38(6H,s), 3.59(4H.d.J=5.2Hz), 5.03 (1 H. quint. J=5.2Hz). 6,43(1 H.q, J=5.6Hz). 
Reference Example 9 

1 ,3-Dlmethoxy-2-propyl 1 -iodoethyl carbonate 

[0115] Using the compound (3.00 g) of Reference Example 8 and by a similar operation as in Reference Example 
7, the title compound (3.45 g) was obtained as a colorless liquid. 

^H-NMR (CDCI3): 2.24(3H,d,J=5.8Hz). 3.38(3H,s), 3.39(3H,s). 3.55-3.61 (4H,m), 4.95-5.10 (1H.m). 6.76(1H.q. 
J=5.8Hz). 

Reference Example 10 

1 -Chloroethyl tetrahydro-2H-pyran-4-yl carbonate 

[0116] Using 4-hydroxytetrahydropyran (4.00 g) and by a similar operation as In Reference Example 2, the title 
compound (6.92 g) was obtained as a pale-yellow liquid. 

. 1H-NMR(CDCI3): 1.65-1 .90(5H,m). 1. 93-2.1 0(2H,m). 3.45-3.61 (2H,m), 3.88-4.00(2H.m). 4.80-5.00(1 H,m), 6.43(1H,q, 
J=5.8Hz). 

Reference Example 11 

Tetrahydro-2H-pyran-4-yl 1 -iodoethyl carbonate 

[0117] Using the compound (3.00 g) of Reference Example 10 and by a similar operation as In Reference Example 
7, the title compound (3.02 g) was obtained as a colorless liquid. 

^H-NMR(CDCl3): 1.60-1.90(2H,m), 1.95-2.10 (2H.m). 2.25(3H,d.J=5.8Hz), 3.45-3.65(2H,m), 3.85-4.00(2H,m), 
4,80-5,00(1 H.m). 6.76(1 H.q.J=5.8Hz), 

Reference Example 12 

1 -Chloroethyl 2-methoxyethyl carbonate 

[0118] Using 2-methoxyethanol (6.00 g) and by a similar operation as In Reference Example 2, the title compound 
(6.73 g) was obtained as a pale-yellow liquid. 

1H-NMR(CDCI3): 1,83(3H,d,J=6.0Hz). 3.40(3H.s), 3,64(2H,t.J=4.6Hz), 4.30-4.40(2H.m), 6.42(1 H.q,J=5.8Hz). 
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Reference Example 13 

2-Methoxyethyl 1-iodoethyl carbonate 

5 [0119] Using the compound (3.00 g) of Reference Example 12 and by a similar operation as in Reference Example 
7, the title compound (3.70 g) was obtained as a colorless liquid. 

^H-NMR (CDCI3) : 2.24(3H,d,J=6.0H2), 3.40(3H,s), 3.61(2H,t,J=4.6Hz), 4.30-4.40(2H.m). 6.76(1 H,q.J-6.0Hz). 
Reference Example 14 

10 

2,2-Bis(methoxymethyl)propanolc acid 

[01 20] To a solution (1 00 mL) of 2,2-bis(hydroxymethyl)propanoic acid (1 0.0 g) in N ,N-dimethylformamide was added 
sodium hydride (6.27 g) under ice-cooling. After generation of hydrogen was not observed, iodomethane (16.2 mL) 

15 was added and the mixture was stin-ed at room temperature for 1 8 hrs. 6N Aqueous sodium hydroxide solution (12.4 
mL) was added to the reaction solution and the mixture was stirred for 3 hrs. The mixture was concentrated under 
reduced pressure. To the residue was added cone, hydrochloric acid and the obtained aqueous acidic solution was 
extracted with diethyl ether. The extract was washed with saturated brine, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure to give the title compound (7.50 g) as a pale-yellow oil. 

20 1H-NMR (CDCI3) : 1 .22(3H,s), 3.36(6H.s). 3.51 (4H,s). 6.50-7.30(1 H.br). 

Reference Example 15 

1 -fodoethyl 2,2-bis(methoxymethyl)propanoate 

25 

[0121] The compound (2.0 g) of Reference Example 14 was dissolved In thionyl chloride (5.0 mL) and the mixture 
was stirred at room temperature for 1 hr. The reaction solution was concentrated under reduced pressure and toluene 
(1 0 mL) was added to the residue. Insoluble materials were filtered off and the filtrate was concentrated under reduced 
pressure. To the obtained colorless oil were added para-aldehyde (0.812 g) and zinc chloride (10 mg) and the mixture 

30 was stirred at 50^ C for 1 hr. The reaction solution was extracted with ethyl acetate - water, and the organic layer was 
washed with saturated brine, dried over anhydrous magnesium sulfate and concentrated under reduced pressure to 
give 1-chloroethyl 2,2-bls(methoxymethyl)propanoate(1 .32 g) as a pale-yellow oil. Using 1 -chloroethyl 2,2-bls(meth- 
oxymethyl)propanoate(1 .30 g) and by a similar operation as In Reference Example 7, the title compound (1 .20 g) was 
obtained as a colorless liquid. 

35 1H-NMR(CDCI3): 1.18(3H.s), 2.20(3H,d,J=5.8Hz), 3.34(6H.s). 3.48(4H,s), 6.90(1 H.q,J=5.8Hz). 

Reference Example 16 

1 -todoethyl cyclopentanecarboxylate 

40 

[0122] To a solution (30 mL) of sodium iodide (5.09 g) and para-aldehyde (1 .1 Og) in acetonrtrile was added cyclopen- 
tanecarbonyl chloride (3.0 g) under Ice-cooling, and the mixture was stirred for 30 min. The reaction solution was 
extracted with ethyl acetate - water, and the organic layer was washed with saturated brine, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure to give the title compound (4.64 g) as a pale-yellow oil. 
45 1H-NMR (CDCI3) : 1.40-2.00(8H,m), 2.20(3H,d,J=6.2Hz), 2.65-2.85(1 H,m), 6.86(1 H,q,J=6.2Hz). 

Reference Example 17 

1 -Chloroethyl cyclopentyl carbonate 

50 

[0123] A solution (20 mL) of 1 -chloroethyl chlorofomnate (3.84 mL) In tetrahydrofuran (20 mL) was added dropwise 
to a solution of cyclopentanol (3.06 mL) and pyridine (5.46 mL) In tetrahydrofuran (100 mL) at O^C. The mixture was 
stirred at room temperature for 24 hrs. and the precipitated solid was filtered off. Ethyl acetate (1 00 mL) was added to 
the filtrate and the mixture was washed with 1 N hydrochloric acid (1 00 mL) and saturated brine (1 00mLx2) and dried 
55 over anhydrous sodium sulfate. After filtration, it was concentrated under reduced pressure to give the title compound 
(5.44 g) as a coloriess oil. 

1H-NMR(CDCI3) ' 1.43-1.97(8H.m), 1 .83(3H,d,J=6.0Hz). 5.13-5.19(1 H.m). 6.43(1 H.q,J=6.0Hz). 
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Reference Example 18 

Cydopentyl l-iodoethyl carbonate 

5 [0124] To a solution of 1 -chloroethyi cydopentyl carbonate in carbon disulfide (15 mL) were successively added 
sodium iodide (5.93 g) and zinc chloride (216 mg) and the mixture was stirred at room temperature for 4 hrs. Diethyl 
ether (1 00 mL) was added to the reaction solution and the mixture was washed with water (50 mL), 5% aqueous sodium 
thiosulfate solution (50 mL) and saturated brine (50 mL) and dried over anhydrous sodium sulfate. After filtration, it 
was concentrated under reduced pressure to give the title compound (6.59 g) as a pale-yellow oil. 

10 1H-NMR(CDCI3): 1.56-2.09(8H,m). 2.24(3H,d,J=6.2Hz), 5.12-5.20(1 H,m). 6.76(1 H,q,J=6.2Hz). 

Reference Example 19 

2-(Acetylamlno)ethyl 1 -chloroethyl carbonate 

IS 

[0125] A solution of 1 -chloroethyl chloroformate (3.92 mL) in tetrahydrofuran (20 mL) was added dropwise to a so- 
lution of N-acetylethanolamlne (3.10 mL) and pyridine (5.46 mL) in tetrahydrofuran (100 mL) at O^C. The mixture was 
stirred at room temperature for 24 hrs. and the precipitated solid was filtered off. Ethyl acetate (1 00 mL) was added to 
the filtrate and the mixture was washed with 1 N hydrochloric acid (1 00 mL) and saturated brine (1 00mLx2) and dried 
20 over anhydrous sodium sulfate. After filtration, it was concentrated under reduced pressure to give the title compound 
(6.05 g) as a colorless oil. 

IH-NMR (CDCI3): 1.84(3H,d,J-5.8Hz), 2.02(3H,s), 3.60(2H.q,J=5.6Hz), 4.18-4.39(2H,m), 6.27(1 H,brs), 6.86(1H.q, 
J=5.8Hz). 

25 Reference Example 20 

2-(Acetylamlno)ethyl 1-lodoethyl carbonate 

[0126] To a solution of 2-(acetylamino)ethyl 1 -chloroethyl cartDonate (3.0 g) in acetonitrile(100 mL) was added sodium 
30 iodide (21 .5 g) and the mixture was stirred under an argon atmosphere at 70*»C for 2 hrs. The precipitated solid was 
filtered off and ethyl acetate (1 00 mL) was added. The mixture was washed with 5% aqueous sodium thiosulfate solution 
(1 00 mL) and saturated brine (1 00 mL) and dried over anhydrous sodium sulfate. After filtration, it was concentrated 
under reduced pressure to give the title compound (1 .64 g) as a pate-yellow oil. 

iH-NMR(CDCl3): 2.04(3H,s), 2.26(3H.d,J=6.3Hz), 3.58(2H.d,J=5.7Hz). 4.24-4.37(2H,m). 6.24(1 H.bs). 6.76 (IH.q. 
35 J=6.3Hz). 

Reference Example 21 

Diethyl 3-[[(2-chloroethoxy)carbonyl]oxy]pentanedloate 

40 

[0127] A solution of 1 -chloroethyl chlorofonmate (3.92 mL) in tetrahydrofuran (20 mL) was added dropwise to a so- 
lution of diethyl 3-hydroxyglutarate (6.24 mL) and pyridine (5.46 mL) in tetrahydrofuran (100 mL) at 0**C. The mixture 
was stirred at room temperature for 24 hrs. and the precipitated solid was filtered off. Ethyl acetate (1 00 mL) was added 
to the filtrate and the mixture was washed with water (100 mL), IN hydrochloric acid (100 mL) and saturated brine 
45 (1 00 mL) and dried over anhydrous sodium sulfate. After filtration, it was concentrated under reduced pressure to give 
the title compound (9.68 g) as a coloriess oil. 

1H-NMR (CDCy: 1 .26(3H,t,J=7.0Hz). 1 .27(3H,t,J=7.0Hz), 1 .83(3H,d,J=6.0Hz), 2.78(4H,d.J=6.6Hz), 4.16(2H.q, 
J=7.0Hz), 4.17(2H.q,J=7.0Hz). 5,48(1 H,quinlet,J=6.6Hz), 6.42(1 H,q,J=6.0Hz), 

50 Reference Example 22 

Diethyl 3-[[(1 -lodoethoxy)carbonyl]oxy]pentadloate 

[0128] To a solution of diethyl 3-[[(1 -chloroethoxy)cartDonyl]oxy]pentanedioate (3 g) in acetonitrile(1 00 mL) was added 
55 sodium iodide (21 .5 g) and the mixture was stinted under an argon atmosphere at 70'C for 3 hrs. The precipitated solid 
was filtered off and ethyl acetate (100 mL) was added. The mixture was washed with water (100 mL), 5% aqueous 
sodium thiosulfate solution (100 mL) and saturated brine (100 mL) and dried over anhydrous sodium sulfate. After 
filtration, it was concentrated under reduced pressure to give the title compound (3.26 g) as a pale-yellow oil. 
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^H-NMR (CDCI3): 1.23-1. 31 (6H.m), 2.23(3H,d.J=6.0Hz). 2.71-2,85(4H,m). 4.09-4.22(4H,m), 5.48(1 H. quintet. 
J=6.0H2). 6.76(1 H. q, J=6.0Hz). 

Reference Example 23 

5 

1 -lodoethyl acetate 

[0129] To a solution of para-aldehyde (1 .45 g) and sodium iodide (4.95 g) in acetonitrile (30 mL) was added acetyl 
chloride (2.13 mL) under ice-cooling, and the mixture was stirred at 0**C for 2 hrs. The reaction solution was poured 
10 into ice water (1 00 mL) and the mixture was extracted with diethyl ether (50 mLx2). The extract was washed succes- 
sively with water (100 mL), 5% aqueous sodium thiosulfate solution (100 mL), aqueous sodium hydrogen carbonate 
(100 mL) and saturated brine (100 mL) and dried over anhydrous sodium sulfate. After filtration, it was concentrated 
under reduced pressure to give the title compound (3.10 g) as a pale-yellow oil. 
1H-NMR(CDCI3): 2.08(3H.s), 2.20(3H.d,J=6.2Hz), 6.83 (1H.q,J=4.2Hz). 

15 

Reference Example 24 

1-Chloroethyl 1 ,3-dioxan-5-yl carbonate 

20 [0130] A solution of 1-chloroethyl chlorofomriate (3.84 mL) in tetrahydrofuran (20 mL) was added dropwise to a so- 
lution of glycerol formal (2.92 mL) and pyridine (5.46 mL) in tetrahydrofuran (100 mL) at 0°C. The mixture was stin'ed 
at room temperature for 24 hrs. and the precipitated solid was filtered off. Ethyl acetate (100 mL) was added to the 
filtrate and the mixture was washed with water (100 mL). 1 N hydrochloric acid (100 mL) and saturated brine (100 mL) 
and dried over anhydrous sodium sulfate. After filtration , the filtrate was concentrated under reduced pressure, and 

2s the obtained residue was purified by silica gel flash column chromatography (eluted with ethyl acetate:hexane=1 :40-1 : 
1 0) to give the title compound (2.95 g) as a colorless oil. 

^H-NMR(CDCl3): 1.85(3H,d,J=6.0H2). 4.04(4H,t,J=3.0Hz). 4.66(1 H,quintet.J=3.0H2), 4.81 (1H,d,J=6.0Hz). 4.95(1 H,d, 
J=6.0H2), 6.42(1 H,q,J=6.0Hz). 

30 Reference Example 25 

1 .3-Dloxan-5-yl 1 -lodoethyl carbonate 

[0131] To a solution of 1-chloroethyl 1 ,3-dioxan-5-yl carbonate (2.95 g) in acetonitrile (100 mL) was added sodium 
35 iodide (21 .0 g) and the mixture was stirred under an argon atmosphere at 70**C for 3 hrs. The precipitated solid was 
filtered off and ethyl acetate (1 00 mL) was added. The mixture was washed with water (1 00 mL), 5% aqueous sodium 
thiosulfate solution (100 mL) and saturated brine (1 00 mL) and dried over anhydrous sodium sulfate. After filtration, it 
was concentrated under reduced pressure to give the title compound (2.43 g) as a pale-yellow oil. 
1H-NMR(CDCI3): 2.26(3H.d,J=6.0Hz). 4.03(4H.t,J=2.8Hz), 4.66(1 H,quintet,J-2.8H2). 4.81(1H.d,J=6.2H2), 4.96(1 H.d, 
4i> J=6.2Hz), 6.75(1 H,q,J=6.0Hz). 

Reference Example 26 

1 -lodoethyl cyclohexanecarboxylate 

45 

[01 32] To a solution (30 mL) of para-aldehyde (1 .45 g) and sodium Iodide (4.50 g) in acetonitrile was added dropwise 
cyclohexanecarbonyl chloride (4.40 g) under Ice-cooling. After stirring under Ice-cooling for 2 hrs., ice water, sodium 
thiosulfate, sodium hydrogen carbonate, sodium chloride and diethyl ether were added. The organic layer was sepa- 
rated, dried over anhydrous magnesium sulfate and concentrated under reduced pressure to give the title compound 
so (6.84 g) as a dark red purple oil. 

IH-NMR (CDCI3) : 1. 20-2.00(1 OH.m), 2.19(3H.d,J=6.2Hz), 2.20-2.40(1 H.m). 6.86(1 H,q,J=6.2Hz). 

Reference Example 27 

55 1-1 odoethy I methoxy acetate 

[01 33] To a solution (30 mL) of para-aldehyde (1 .45 g) and sodium iodide (4.50 g) in acetonitrile was added dropwise 
methoxyacetyl chloride (3.26 g) under ice-cooling. After stirring under ice-cooling for 2.5 hrs., dlisopropyl ether (100 
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mL) was added and the mixture was washed with aqueous sodium thiosulfate solution (50 mL), aqueous sodium hy- 
drogen carbonate (50 mL) and brine (50 mL). The mixture was dried over anhydrous magnesium sulfate and concen- 
trated under reduced pressure to give the title compound (2.02 g) as a dark red purple oil. 
1H-NMR(CDCI3) : 2.22(3H.d.J=6.2Hz), 3,47(3H,s). 4.03(2H.s). 6.93(1 H.q.J=6. 2Hz). 

Example 1 

1 -[2-[[[3-Methyl-4-(2,2,2-trifluoroethoxy)-2-pyridlnyl]methyl]suIflnyl]-1 H-benzimidazol-l -yljethyl benzoate 
[0134] 




[01 35] To a solution (50 mL) of 1 -chloroethyl benzoate (2.22 g) and 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridlnyl] 
methyl]thio]benzlmidazole (2.12 g) in acetonitrile were added sodium iodide (0.45 g) and potassium carbonate (1.66 
g) and the mixture was stinted at eo^'C for 10 hrs. 1 -Chloroethyl benzoate (1.11 g) was added and the mixture was 
stirred at 60**C for 12 hrs. After concentration under reduced pressure, ethyl acetate (200 mL) and saturated aqueous 
sodium hydrogen carbonate (1 00 mL) was added to the residue and the mixture was extracted. The ethyl acetate layer 
was separated and washed with 1 0% aqueous sodium sulfite solution (50 mL). It was dried over anhydrous magnesium 
sulfate and concentrated under reduced pressure. The residue was purified by silica gel chromatography (eluted with 
ethyl acetate :hexane=1 :2-1:1) to give 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyrldinyl]methyl]thio]-1H-benzimida- 
zol-1-yl]ethyi benzoate (0.86 g) as a colorless solid. 

iH-NMR (CDCI3): 1.97(3H.d,J=6.3Hz), 2.35(3H.s), 4.39(2H,q.J=7.8Hz). 4.85(1 H.d,J=13.2Hz). 4.91(1H.d.J=13.2Hz). 
6.65(1 H,d,J=5.7Hz), 7.21 -7.31 (3H,m). 7.40-7.46(2 H.m). 7.57(1 H.t,J=7.4Hz), 7.64-7.72(2H.m), 8.04(2H,d,J=7.5Hz), 
8.37(1 H.d.J=5.7Hz). 

[0136] To a solution (10 mL) of 1-[2-[[[3-methyl-4-(2.2,2-trifluoroethoxy)-2-pyridinyl]methyl]thlo]-1H-benzlmldazol- 
1 -yljethyl benzoate (0.86 g) in dichloromethane was added dropwise a solution (1 0 mL) of 3-chloroperoxybenzoic acid 
(content: ca. 65%:0.455 g) in dichloromethane under ice-cooling. After stirring under ice-cooling for 1 .5 hrs., the mixture 
was diluted with dichloromethane (30 mL) and washed with 1 0% aqueous sodium sulfite solution (20 mL) and saturated 
aqueous sodium hydrogen carbonate (20 mL). The mixture was dried over anhydrous magnesium sulfate and con- 
centrated under reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl acetate: 
hexane=1:1) to give a diastereomeric mixture (0.64 g) of the title compound. Crystallization from ethanol, recrystalli- 
zation from ethyl acetate - hexane, recrystallization from acetone-hexane, recfystallization from ethyl acetate - hexane 
and recrystallization from ethyl acetate-methanol gave a less polar diastereomer (0.29 g) of the title compound as a 
colorless solid. 

1H-NMR(CDCI3): 2.12(3H,d.J=6.2Hz), 2.37(3H,s), 4.36(2H,q,J=7.8Hz), 5.12(2H,s), 6.61(1H.d.J=5.7Hz). 7.31-7.48 
(4H,m), 7.58-7.72(2H,m), 7.78-7.90(2H,m), 8.04(2H,d,J=7.4Hz), 8.34(1 H,d,J=5.7Hz). 
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Example 2 

Ethyl 1 -[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]mGthyl]sulfinyl]-1 H-benzimidazol-l -yljethyl carbonate 
[0137] 




[0138] A solution (50 mL) of 1 -chloroethyl ethyl carbonate (1.52 g) and sodium iodide (4.48 g) in acetonitrile was 
stirred at 60°C for 1 hr. Acetonitrile was evaporated under reduced pressure and the residue was extracted with diethyl 
ether (60 mL). After filtration, thef iltrate was concentrated under reduced pressure. To the residue were added 2-[[[3-me- 
thyl-4-(2,2,24rlfluoroethoxy)-2-pyridinyl]methyl]thio]benzimida2ole (1 .57 g) and acetonitrile (30 mL) and the mixture 
was stirred at room temperature for 3 days. After concentration under reduced pressure, ethyl acetate (200 mL) and 
saturated aqueous sodium hydrogen carbonate (100 mL) were added to the residue to allow for extraction. The ethyl 
acetate layer was separated and washed with 10% aqueous sodium sulfite solution (50 mL) and saturated brine (50 
mL). It was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was 
purified by silica gel chromatography (eluted with ethyl acetate:hexane=1 :2) to give ethyl 1-(2-[[[3-methyl-4-(2,2,2-trif- 
luoroethoxy)-2-pyridinyl]methyl]thio]-1H-benzimidazol-1-yl]ethyl carbonate (0.84 g) as a colorless solid. 
^H-NMR (CDCI3) : 1.25(3H,t,J=7.1Hz), 1 .87(3H,d,J=6.3Hz), 2.35(3H,s), 4.06-4.25(2H,m). 4.40(2H,q.J=7.8Hz), 4.83 
(1H,d,J=13.5Hz), 4.88(1 H,d,J=1 3.5Hz). 6.66(1 H.d,J=5.4Hz), 7.19-7.28(2H,m), 7.60(1H,m), 7.70(1H,m). 8.36(1H.d, 
J=5.4Hz). 

[0139] To a solution (1 0 mL) of ethyl 1 -[2-[[[3Hnethyl-4-(2,2,2-trrfluoroethoxy)-2-pyridinyl]methyl]thio]-1 H-benzimlda- 
zol-1 -yl]ethyl carbonate (0.84 g) in dichloromethane was added dropwise a solution (1 0 mL) of 3-chloroperoxybenzoic 
acid (content: ca. 65%: 0.475 g) in dichloromethane under Ice-cooling. After stirring under ice-cooling for 1 .5 hrs., the 
mixture was diluted with dichloromethane (30 mL) and washed with 10% aqueous sodium sulfite solution (20 mL) and 
saturated aqueous sodium hydrogen carbonate (20 mL). The mixture was dried over anhydrous magnesium sulfate 
and concentrated under reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl 
acetate:hexane=1:1) to give a diastereomeric mixture (0.64 g) of the title compound. Crystallization from diisopropyl 
ether and 2 repeats of recrystallization from ethyl acetate - hexane gave a less polar diastereomer (0.31 g) of the title 
compound as a colorless solid. 

IH-NMR (CDCI3) : 1.24(3H,t,J=7.2Hz), 2.01 (3H,d,J=6.3Hz), 2.38(3H,s). 4.03-4.24(2H,m), 4.40(2H,q.J=7.7Hz), 5.00 
(1H,d,J=1 3.7Hz). 5.12(1 H,d,J=13.7Hz), 6.67(1 H,d.J=5.7Hz). 7.32-7.43(3H,m). 7.76(1H,m), 7.87(1H,m), 8.39(1H,d, 
J=5.6Hz). 
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Example 3 

1 -[2-[[[3-Methyl-4-(2.2,2-trifluoroethoxy)-2-pyridinyl]methyQsulfinyl]-1 H-benzimldazol-1 -yl]ethyl trimethylacetate 
5 [0140] 




[0141] A mixture of 2-[([3-methyl-4-(2,2,2-trif!uoroethoxy)-2-pyriclinyi]methyl]thio]benzimida20le (6.72 g), 1 -chioroe- 
thyl trimethylacetate (6.59 g), sodium iodide (3.00 g), potassium carbonate (8.29 g) and acetonitrile (200 mL) was 
stirred at 60°C for 2 days. After concentration under reduced pressure, ethyl acetate (200 mL) was added to the reaction 
25 solution, and the mixture was washed with water (100 mL) and saturated brine (100 mL) and dried over anhydrous 
magnesium sulfate. After concentration under reduced pressure, the residue was purified by silica gel column chro- 
matography (eluted with ethyl acetate: hexane=1 :1 then 4:1) to give 1-[2-[I[3-methyl-4-(2,2.2-trifluoroethoxy)-2-pyridl- 
nyl]methyl]thio]-1H-benzimida2oM-yl]ethyl trimethylacetate (5.19 g) as an orange oil. 

lH-NMR(CDCl3): 1.16(9H.s), 1 .81(3H,d,J=6.2H2). 2.35(3H,s). 4.40(2H.q,J=7.8Hz), 4.86(2H.s), 6.65(1 H,d,J=5.6Hz), 
30 6.98(1 H,q,J=6.2Hz), 7.1 5-7.30(2H,m). 7.50-7.60(1 H.m), 7.65-7.75(1 H.m), 8.36(1 H,d. J=5.6Hz). 

[0142] To a solution (120 mL) of 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridlnyl]methyl]thio]-1H-ben2lmidazol- 
1-yl]ethyl trimethylacetate (5.42 g) In dichloromethane was added 3-chloroperoxybenzoic acid (content: ca. 65%: 3.19 
g) at - 25*C. The mixture was stirred at -25*C for 15 min. and at 0*C for 30 min., and the mixture was washed with 
aqueous sodium hydrogen carbonate (1 00 mL) and 1 0% aqueous sodium thiosulfate (50 mL) and dried over anhydrous 
35 sodium sulfate. After concentration under reduced pressure, the residue was purified by silica gel column chromatog- 
raphy (eluted with ethyl acetate:hexane=1:1, then successively with ethyl acetate). The obtained solid was washed 
with a mixed solution of ethyl acetate and diisopropyl ether and further recrystallized from ethyl acetate and dilsopropyl 
ether to give a less polar diastereomer (2.13 g) of the title compound as a colorless solid. 

1H-NMR(CDCI3): 1.14(9H.s), 1 .96(3H,d,J=6.2Hz), 2.37(3H,s), 4.40(2H,q.J=7.9H2), 5.03(1 H.d.J=13.9Hz), 5.12(1H.d. 
40 J=1 3.9Hz). 6.66(1 H,d,J=5.5Hz). 7.29-7.46(3H,m), 7.66-7.76(1 H.m), 7.81 -7.91 (1H,m), 8.38(1 H,d.J=5.5Hz). 
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Example 4 

1 -[2-[[[3-Methyl-4-(2.2,2-trifluoroetho)cy)-2-pyridinyl]methyl]sulf lnyl]-1 H-benzimldazol-1 -yl]ethyl 2-methylpropanoate 
[0143] 




[0144] A mixture of 2-[[[3-methyl-4-(2,2,2-trifIuoroethoxy)-2-pyndinyl]methyl]thio]benzlmjc(a20le (3.53 g), 1 -chloroe- 
thyl 2-methylpropanoate (1 .81 g), sodium iodide (3.00 g), potassium carbonate (2.76 g) and acetonitrile (1 00 mL) was 
stirred at 60*»C for 10 hrs, 1 -Chloroethyl 2-methylpropanoate (1 .20 g) and potassium carbonate (1 .38 g) were added 
and the mixture was stirred overnight at 60"C. The reaction solution was concentrated under reduced pressure and 
ethyl acetate (1 00 mL) was added. The mixture was washed with water (50 mL) and saturated brine (50 mL), and dried 
over anhydrous magnesium sulfate. After concentration under reduced pressure, the residue was purified by silica gel 
column chromatography (eluted with ethyl acetate:hexane=3:7 then 7:3) to give 1-[2-[[[3-methyl-4-(2,2,2-trifluor- 
oethoxy)-2i3yridinyl]methyl]thio]-1H-benzlmidazol-1-yl]ethyl 2-methylpropanoate (1.38 g) as a pale-yellow orange oil. 
^H-NMR (CDCI3) : 1.09 (3H,d,J=6.9Hz), 1 .15(3H,d,J=6.9Hz), 1 .82(3H,d,J=6.2H2), 2.35(3H,s). 2.48-2.66(1 H.m). 4.40 
(2H,q,J=7.9Hz), 4.86(2H,s), 6.66(1 H,d,J=5.6Hz), 7.00(1 H,q.J=6.2Hz), 7.15-7.30(2H,m), 7.52-7.60(1 H,m). 7.65-7.73 
(1H.m), 8.37(1 H,d.J=5.6Hz). 

[0145] To a solution (30 mL) of 1-[2-[p-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-benzimldazol- 
1 -yljethyl 2-methylpropanoate (1 .37 g) in dichloromethane was added 3-chloroperoxyben2oic acid (content: ca. 65%: 
796 mg) at O'C. The mixture was stirred at 0»C for 1 hr, washed with aqueous sodium hydrogen carbonate (30 mL) 
and 10% aqueous sodium thiosulfate (10 mL), and dried over anhydrous sodium sulfate. After concentration under 
reduced pressure, the residue was purified by silica gel column chromatography (eluted with ethyl acetate: hexane=1 : 
1, then successively with ethyl acetate). The obtained solid was washed with a mixed solution of ethyl acetate and 
dilsopropyl ether and further recrystailized from ethyl acetate and dllsopropyl ether to give a less polar diastereomer 
(466 mg) of the title compound as a coloriess solid. 

^H-NMR(CDCl3) : 1.05 (3H,d.J=7.1H2) , 1.13(3H,d,J=7.1H2), 1.97(3H,d,J=6.2Hz).2.38(3H,s),2.47-2.69(1H,m), 4.40 
(2H,q,J=7,8Hz). 5.01 (1 H,d,J=13.8Hz), 5.12(1 H.d,J=13.8Hz). 6.66(1 H,d.J=5.3Hz). 7.30-7.46(3H.m). 7.67-7.78(1 H,m). 
7.82-7.92(1 H,m). 8.38(1 H.d,J=5.3Hz). 
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Example 5 

1 -[2-[[[3-Methyl-4-(2,2,24rifluoroethoxy)-2-pyridjnyl]methyllsulf inyl]-1 H-benzimidazol-l -yl]propyl trimethylacetate 
5 [0146] 



10 



15 



20 




[0147] A mixture of 2-[tt3-methyl-4-(2,2,2-trifiuoroethoxy)-2-pyridinyl]methyl]thlo]benzimldazole (3.53 g), 1-chloro- 
propy! trimethylacetate (1.78 g), sodium Iodide (0.75. g), potassium carbonate (2.76 g) and acetonitrlle (100 mL) was 
stirred overnight at eC'C. 1 -Chloropropyl trimethylacetate (0.89 g) and potassium carbonate (0.69 g) were added and 

25 the mixture was stirred at eO'^C for 5 hrs. 1 -Chloropropyl trimethylacetate (0.89 g), sodium iodide (0.75 g) and potassium 
carbonate (0.69 g) were added and the mixture was stirred at 60*'C for 6 hrs. 1 -Chloropropyl trimethylacetate (1 .78 g) 
and potassium carbonate (1 .38 g) were added and the mixture was stirred at 60*'C for 2 days. The reaction solution 
was concentrated under reduced pressure, and ethyl acetate (1 00 mL) was added. The mixture was washed with water 
(50 mL) and saturated brine (50 mL), and dried over anhydrous magnesium sulfate. After concentration under reduced 

30 pressure, the residue was purified by silica gel column chromatography (eluted with ethyl acetate:hexane=3:7 then 7: 
3) to give 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyrldinyI]methyllthio]-1H-benzimidazol-1-yl]propyl trimethylace- 
tate (2.42 g) as an orange oil. 

IH-NMR (CDCI3) : 0.87(3H,t,J=7.3Hz). 1 .17(9H,s), 2.16-2.32(2H,m), 2.35(3H,s), 4.40(2H,q.J=7.8Hz), 4.87(2H.s), 6.65 
(1H,d,J=5.8Hz), 6.74(1 H,t.J-7.4Hz), 7.14-7.29(2H,m), 7.48-7.59(1 H,m), 7.64-7.74(1 H,m), 8.36(1 H,d,J=5.8Hz). 

35 [01481 To a solution (50 mL) of 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-benzimidazol- 
1-yl]propyl trimethylacetate (2.31 g) In dichloromethane was added 3-chloroperoxybenzoic acid (content: ca. 65%: 
1 .33 g) at O^'C. The mixture was stirred at 0°C for 1 hr., and the mixture was washed with aqueous sodium hydrogen 
carbonate (30 mL) and 10% aqueous sodium thiosulfate (10 mL) and dried over anhydrous sodium sulfate. After con- 
centration under reduced pressure, the residue was purified by silica gel column chromatography (eluted with ethyl 

40 acetate:hexane=1 :1 , then successively with ethyl acetate) and crystallized from ethyl acetate and diisopropyl ether. 
The crystals were collected by filtration, washed with diisopropyl ether and recrystalllzed from ethyl acetate and diiso- 
propyl ether to give a less polar diastereomer (667 mg) of the title compound as a colorless solid. 
^H-NMR(CDCl3) : 0.99(3H.t,J=7.5Hz), 1.15(9H.s), 2.22-2.52(2H,m), 2.37(3H,s). 4.40(2H,q.J=7.8Hz), 5.01(1H,d, 
J=13.9Hz), 5.14(1 H,d,J=13.9Hz), 6.66(1 H.d,J=5.5Hz). 7.10(1H,t,J=7.3Hz), 7.30-7.43(2H,m). 7.63-7.74(1 H.m), 

4S 7.83-7.93(1 H,m), 8.39(1 H.d,J=5.5Hz). 
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Example 6 

Cydohexyl 1 -[2-[[[3'methyl-4-(2,2,24rifluoroethoxy)-2-pyridinyl]methyl]sulfinyl]-1 H-benzimidazol-1 -yl]ethyi carbonate 
5 [0149] 




[0150] To a solution (50 nnL) of 2-[[[3-methyK-(2,2.2-trlfluoroethoxy)-2-pyridinyl]niethyl]thio]ben2lnriidazole (2.12 g) 
20 and 1-chloroethyl cyclohexylcarbonate (1 .86 g) in acetonitrile were added sodium iodide (0.45 g) and potassium car- 
bonate (1.66 g) and the mixture was stirred at ao^C for 34 hrs. Acetonitrile was evaporated under reduced pressure 
and the residue was extracted with ethyl acetate (150 mL) and water (50 mL). The organic layer was separated and 
washed with 10% aqueous sodium sumte solution (30 mL). It was dried over anhydrous magnesium sulfa^^ 
centrated under reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl acetate: 
25 hexane=1 :1 ) to give cydohexyl 1 -[2-[[[3-methyl-4-(2,2,2-trlfluoroethoxy)-2-pyridinyl]methyl]thio]-1 H-benzimidazol-1 -yl] 
ethyl carbonate (1 .00 g) as an amorphous fomn. 

1H-NMR(CDCI3): 1.08-1.98 (10H,m) , 1.86 (3H,d,J=6.5Hz) , 2.35 (3H, s), 4.44(2H,q,J=7.5Hz), 4.54(1 H,m). 4.86(2H, 

s), 6.65(1 H.d,J=5.8Hz). 6.86(1 H,q,J=6.5H2), 7.17-7.29(2H,m), 7.56-7.72 (2H,m) , 8.36(1 H, d, J=5.8Hz). 

[0151] To a solution (11 mL) of cydohexyl 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-ben- 

30 zlmidazol-1 Tyl]ethyl carbonate (0.99 g) in dichloromethane was added dropwise a solution (11 mL) of 3-chloroperoxy- 
benzolc acid (content: ca. 65%: 0.605 g) in dichloromethane under ice-cooling. The mixture was stirred under ice- 
cooling for 2 hrs., and diluted with dichloromethane (30 mL). Themixture was washed with 10% aqueous sodium sulfite 
solution (20 mL) and saturated aqueous sodium hydrogen carbonate (20 mL), dried over anhydrous magnesium sulfate 
and concentrated under reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl 

55 acetate:hexane=1 :1) and further purified by preparative HPLC (ODS-A manufactured by YMC Co., Ltd., diameter 20 
mm, length 250 mm: eluted with acetonitrile:water=38:62, flow rate 20 mL/hiin) to give a more polar diastereomer (0.08 
g) and a less polar diastereomer (0.13 g) of the title compound as colorless solid. More polar diastereomer 
^H-NMR (CDCI3) : 1.18-2.02 (10H,m) ,1.92 (3H.d,J=6.2Hz), 2.26(3H,s), 4.38(2H,q,J=7.8Hz), 4.59(1H,m), 4.90(1H,d, 
J=:1 4.0Hz), 5.30(1 H.d,J=14.0H2). 6.63(1 H.d,J=5.9Hz). 7.24-7.41 (2H,m)7.69(1H.q.J=6.2Hz), 7.70-7.B2(2H.m). 8.31 

40 (1H,d,J=5.9Hz). 

Less polar diastereomer 

^H-NMR (CDCI3) : 1.10-1.99 (10H,m), 2.00 (3H,d,J=6.6Hz) , 2.38 (3H,s), 4.40(2H,q,J=7.8Hz), 4.51(1H,m), 4.99(1H, 
d,J=13.9Hz), 5.12(1 H,d,J=13.9Hz), 6.67(1 H,d,J=5.8Hz), 7.28-7.44(3H,m), 7.73-7.89(2H,m), 8.38(1 H,d,J=5.8Hz). 
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Example 7 

Cyclohexyl 1 -[(R)-2-[n3-methyl-4-(2.2,2-trif luoroethoxy)-2-pyridinyl]methyl]sulfinyl]-1 H-benzimidazol-1 -yl]ethyl 
carbonate 

5 

[0152] 




[0153] To a solution (25 nnL) of 1 -chloroethyl cyclohexylcarbonate (5.0 g) in carbon disulfide were added sodium 
iodide (6.8 g) and zinc chloride (0.25 g) and the mixture was stirred at room temperature for 3 hrs. The reaction solution 
was poured into ice water (too mL) and the mixture was extracted twice with diethyl ether (50 mL). The organic layers 
were combined and washed with 10% aqueous sodium sulfite solution (30 mL), saturated aqueous sodium hydrogen 
25 carbonate (30 mL) and water (30 mL). The mixture was dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure to give cyclohexyl 1 -iodoethylcarbonate (6.10 g) as a liquid. 

[0154] To a solution (100 mL) of (R)-2-[[[3-methyl-4-(2.2,2-trifluoroethoxy)-2-pyridinyl]methyl]sulfinyl]ben2imidazole 
(4.43 g) and cyclohexyl 1 -iodoethylcarbonate (5.46 g) in acetone was added cesium carbonate (7.82 g) and the mixture 
was stirred at 15*C for 2 hrs. Ethyl acetate (1 00 mL) was added, and after filtration, the filtrate was concentrated under 

30 reduced pressure. The residue was extracted with ethyl acetate (1 50 mL) and water (1 00 mL). The organic layer was 
separated, washed with 1 0% aqueous sodium sulfite solution (20 mL) and saturated brine (30 mL), dried over anhydrous 
magnesium sulfate, and concentrated under reduced pressure. The residue was purified by silica gel chromatography 
(eluted with acetonitrile:dlisopropyl ether =1 :4). It was further purified by preparative HPLC (ODS-A manufactured by 
YMC Co., Ltd., diameter 30 mm, length 250 mm: eluted with acetonitrile:water=38:62, flow rate 20 mL/min) to give a 

35 more polar diastereomer (1 .65 g) and a less polar diastereomer (0.48 g) of the title compound as coloriess solid. 
More polar diastereomer 

1H-NMR(CDCI3): 1 .18-2.02(1 OH.m), 1 .92(3H,d.J=6.2H2). 2.26(3H,s), 4.38(2H,q,J=7.8Hz), 4.59(1H,m). 4.90{1H.d, 
J=14.0Hz), 5.30(1 H,d,J=1 4.0Hz). 6.63(1 H,d,J=5.9Hz), 7.24-7.41 (2H.m)7.69(1H,q,J-6.2Hz), 7.70-7.82(2H,m). 8.31 
(1H,d,J=5.9Hz). 
40 Less polar diastereomer 

IH-NMR (CDCI3) : 1.10-1 .99(10H,m), 2.00(3H,d,J=6.4H2), 2.38(3H,s), 4.40(2H,q,J=7.9Hz), 4.51(1H,m), 5.00(1H,d. 
J=13.7Hz), 5.12(1H.d,J=13.7Hz), 6.67(1 H.d,J=6.0Hz), 7.28-7.44(3H,m), 7.73-7.90(2H.m). 8.38(1 H,d.J=6.0H2). 



45 
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Example 8 

Ethyl 1 -[(R)-2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyi]sulfinyl]-1 H-benzinniclazal-1 -yl]ethyl carbonate 
[01551 




[0156] To a solution (12.5 mL) of 1 -chloroethyl ethyl carbonate (2.50 g) In carbon disulfide were added sodium iodide 
(3.4 g) and zinc chloride (0.13 g) and the mixture was stirred at room temperature for 7 hrs, The reaction solution was 
poured into ice water (50 mL) and the mixture was extracted twice with diethyl ether (50 mL). The organic iayers were 
combined and washed with 10% aqueous sodium sulfite solution (25 mL), saturated aqueous sodium hydrogen car- 
bonate (25 mL) and water (25 mL). The mixture was dried over anhydrous magnesium sulfate and concentrated under 
reduced pressure to give ethyl 1 -lodoethylcarbonate (3.53 g) as a liquid. 

[0157J To a solution (50 mL) of (R)-2-I[3-methyl-4-(2.2,2-trifluoroethoxy)-2-pyrldinyl]methyllsuIfinyl]benzlmldazole 
(3.70 g) and ethyl 1 -lodoethylcarbonate (3.52 g) in acetone was added cesium carbonate (4.89 g) and the mixture was 
stirred at room temperature for 1 9 hrs. Acetone was evaporated under reduced pressure and the residue was extracted 
with ethyl acetate (150 mL) and water (100 mL). The organic layer was separated and washed with 10% aqueous 
sodium sulfite solution (50 mL) and saturated brine (50 mL). It was dried over anhydrous magnesium sulfate and 
concentrated under reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl acetate: 
hexane=1:1) and further purified by preparative HPLC (ODS-A manufactured by YMC Co., Ltd., diameter 30 mm, 
length 250 mm: eluted with acetonltriIe:water=27:73, flow rate 20 mL/min) to give a more polar diastereomer (0.41 g) 
and a less polar diastereomer (0.67 g) of the title compound as colorless solid. More polar diastereomer 
iH-NMR (CDCI3) : 1.27(3H,t,J=7.2Hz), 1 .93(3H,d.J=6.3Hz). 2.26(3H,s), 4.08-4.28(2H,m), 4.38(2H,q,J=7.8Hz), 4.90 
(1H,d,J=1 3.7Hz), 5.31 (1H.d,J=1 3.7Hz). 8.64(1 H.d.J=6.0Hz), 7.28-7.42(2H.m), 7.69-7.83(3H,m). 8.32(1 H.d,J=6.0Hz). 
Less polar diastereomer 

1H-NMR (CDCI3): 1.24(3H,t.J-7.2Hz), 2.01(3H.d.J=6.2Hz), 2.38(3H,s), 3.98.4.27(2H,m), 4.40(2H,q,J=7.8Hz), 4.99 
(1H,d,J=13.8Hz), 5.12(1H,d,J=13.8Hz), 6.67(1 H,d,J=5.6Hz). 7.30-7.45(3H,m). 7.76(1H,m). 7.86(1H,m). 8.39(1H,d, 
J=5.6Hz). 



90 
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Example 9 

Benzyl 2-[2-[[[3-methyl-4-(2.2,2-trifluoroethoxy)-2-pyridinyl] methyl] sulflnyl]-1H-ben2imiclazol-1-yl] ethyl carbonate 
5 [0158] 



10 



15 



20 




[0159] To a mixture of benzyl alcohol (5.1 7 mL), pyridine (4.85 mL) and dichloromethane (100^m 
roethyl chloroformate (5.40 mL) at -78*'C and the mixture was stirred at room temperature for 3 days. After concentration 
25 under reduced pressure, ethyl acetate (200 mL) was added to the reaction solution, and the mixture was washed with 
saturated brine (1 00 mL) and dried over anhydrous magnesium sulfate. It was concentrated under reduced pressure 
to give benzyl 1 -chio roethyl carbonate (11 .3 g) as a yellow oil. 

1H-NMR (CDCI3): 1 .83(3H,d,J=5.8Hz), 5.20(1 H,d,J=12.0Hz), 5.25(1 H,d,J=1 2.0Hz). 6.44(1 H,q,J=5.8Hz), 7.30-7.45 
(5H.m). 

30 [01 60] A mixture of benzyl 1 -chlproethyl carbonate (2, 1 5 g), spdjum iodide (3.00 g), 1 8-crown-6 (1 32 mg) and toluene 
(20 mL) was stinted at 80°C for 12 hrs. and at room temperature for 2 days. Ethyl acetate (50 mL) was added to the 
reaction solution, and the mixture was washed with water (30 mL), 10% aqueous sodium thiosulfate (30 mL) and 
saturated brine (30 mL), dried over anhydrous magnesium sulfate and concentrated under reduced pressure. To the 
residue were added 2-[[[3-methyI-4-(2,2,2-trifluoroethoxy)-2-pyrldinyl]methyI]thio]benzimidazole (3.53 g), sodium io- 

55 dide (1 .50 g). 1 8-crown-6 (264 mg), potassium carbonate (2.76 g) and acetonitrile (1 00 mL) and the mixture was stinted 
at 60**C for 18 hrs. After concentration under reduced pressure, ethyl acetate (100 mL) was added to the reaction 
solution. The mixture was washed with water (50 mL), 10% aqueous sodium thiosulfate (50 mL) and saturated brine 
(100 mL), and dried over anhydrous magnesium sulfate. After concentration under reduced pressure, the residue was 
purified by silica gel column chromatography (eluted with ethyl acetate :hexane=2:1 , then successively with ethyl ac- 

40 etate). Diisopropyl ether was added to allow for solidification and the solid was coilected by filtration to give benzyl 
1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridlnyl]methyl]thlo]-1H-benzlmldazol-1-yl] ethyl cariDonate (703 mg) as a 
coloriess solid. 

^H-NMR (CDCI3) : 1 .86(3H,d,J=6.5Hz), 2.35(3H,s), 4.40(2H,q,J=7.9Hz), 4.85(2H,s), 5.02(1 H,d,J=11 .7Hz), 5.1 7(1 H,d, 
J=11.7Hz), 6.65(1 H,d,J=5.5Hz), 6.90(1 H,q,J=6.5Hz), 7.16-7.38(7H,m), 7.52-7.75(2H.m), 8.36(1 H,d.J=5.5Hz). 

45 [0161] To a solution (15 mL) of benzyl 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-benzimi- 
dazol-1 -yljethyl carbonate (675 mg) in dichloromethane was added 3-chloroperoxybenzolc acid (content: ca. 65%: 372 
mg) at 0**C and the mixture was stirred at O^'C for 3 hrs. The mixture was washed with aqueous sodium hydrogen 
carbonate (10 mL) and 10% aqueous sodium thiosulfate (10 mL) and dried over anhydrous sodium sulfate. After con- 
centration under reduced pressure, the residue was purified by silica gel column chromatography (eluted with ethyl 

so acetate:hexane==1 :1 , then successively with ethyl acetate). Ethyl acetate and diisopropyl ether were added to allow for 
solidification, and the solid was collected by filtration, washed and further recrystallized from ethyl acetate and diiso- 
propyl ether to give a less polar diastereomer (320 mg) of the title compound as a colorless solid. 
^H-NMR (CDCI3): 1.97(3H,d,J=6.2Hz). 2.37(3H,s), 4.39(2H,q,J=8.0Hz). 4.96-5. 19(4H,m), 6,63(1 H,d,J=5.9Hz), 
7.20-7.45(8H,m), 7.68-7. 94(2H.m), 8.35(1 H.d.J=5.9Hz). 
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Example 10 

Isopropyl 1 ^(R)-2-[[[3-methyl-4-(2,2,24rjfluoroethoxy)-2-pyridinyl]methyl]sulfinyl]-1 H-benzlmldazol-l-yl] ethyl 
carbonate 

[0162] 




[0163] To a mixture of 2-propanol (3.83 mL), pyridine (4.85 mL) and dichloromethane (100 mL) was added 1-chIo- 
roethyl chlorofonmate (5.40 mL) at -78**C and the mixture was stirred at room temperature for 3 days. After concentration 
under reduced pressure, ethyl acetate (200 mL) was added to the reaction solution. The mixture was washed with 
saturated brine (1 00 mL), dried over anhydrous magnesium sulfate and concentrated under reduced pressure to give 
1 -chloroethyl isopropyl carbonate (7.87 g) as a yellow orange oil. 

IH-NMR (CDCI3): 1.33(3H.d,J=6.3Hz), 1 .34(3H.d.J=6.3Hz). 1 .83(3H,d,J=5.8H2). 4.88-5.02(1 H.m), 6.43(1 H.q. 
J=5.8Hz). 

[0164] A mixture of 1-chloroethyl isopropyl carbonate (5.00 g), sodium iodide (6.30 g), zinc chloride (205 mg) and 
carbon disulfide (25 mL) was stirred at room temperature for 4 hrs. Ice water was added to the reaction solution and 
the mixture was extracted with ether (50 mLx2). The organic layer was washed with aqueous sodium hydrogen car- 
bonate (30 mL) and 10% aqueous sodium thiosulfate (30 mL), dried over anhydrous magnesium sulfate and concen- 
trated under reduced pressure to give 1-iodoethyl isopropyl carbonate (6.1 8 g) as a black-yellow oil. 
1H NMR (CDCI3): 1.33(3H.d.J=6.2H2), 1 .35(3H,d,J=6.2Hz). 2.24(3H.d,J=6.0Hz), 4.85-5.05(1 H.m). 6.77(1 H.q, 
J=6.0Hz). 

[0165] A mixture of (R)-2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridyl]methylJsulflnyl]ben2imlda2ole (5.54 g), 1-io- 
doethyl isopropyl carbonate (5.68 g), cesium carbonate (9.77 g) and acetone (1 00 mL) was stirred at room temperature 
for 1 hr. After concentration under reduced pressure, ethyl acetate (200 mL) was added to the reaction solution, and 
the mixture was washed with water (1 00 mL), 1 0% aqueous sodium thiosulfate (1 00 mL) and saturated brine (1 00 mL) 
and dried over anhydrous magnesium sulfate. After concentration under reduced pressure, the residue was purified 
by silica gel column chromatography (eluted with ethyl acetate:hexane=1:1, then successively with ethyl acetate). 
Diisopropyl ether was added to allow for solidification and the solid was collected by filtration and washed. It was 
recrystalllzed from ethyl acetate and diisopropyl ether to give a less polar diastereomer (1 .40 g) of the title compound 
as a colorless solid. 

iH-NMR (CDCI3): 1.15(3H.d,J=6.2H2), 1 .28(3H,d, J=6.2Hz), 2.00(3H,d.J=6.2Hz). 2.37(3H,s), 4.40(2H,q.J=7.8Hz). 
4.68-4.88(1 H.m), 5.00(1 H.d,J=13.7Hz), 5.12(1 H,d.J=13.7Hz), 6.66(1 H,d,J=5.7Hz). 7.28-7.46(3H,m). 7.70-7.93(2H. 
m). 8.38(1 H.d.J=5.7Hz). 
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Example 11 

Isopropyl 1 -[2-[[[3-methyl-4-(2,2,24rif luoroethoxy)-2-pyridinyl]m0thyl]su!f inyl]-1 H-benzimidazol-1 -yljethyl carbonate 
[0166] 




[0167] To a solution (30 mL) of 1-chloroethyl Isopropyl carbonate (5.15 g) In carbon disulfide were added sodium 
iodide (9.27 g) and zinc chloride (0.30 g) and the mixture was stirred at room temperature for 2.6 hrs. The reaction 
solution was poured Into ice water (150 mL) and the mixture was extracted 3 times with diethyl ether (50 mL). The 
organic layers were combined, and washed with 10% aqueous sodium sulfite solution (30 mL), saturated aqueous 
sodium hydrogen carbonate (30 mL) and water (30 mL). The mixture was dried over anhydrous magnesium sulfate 
and concentrated under reduced pressure to give 1-iodoethyl Isopropyl carbonate (5.01 g) as a liquid. 
[01 68] To a solution (70 mL) of 2-[[[3-methyl-4-(2,2,2-trif luoroethoxy)-2-pyridinyl]methyl]sulfinyl]benzimidazole (2.64 
g) and 1 -lodoethyl Isopropyl carbonate (2.03 g) in acetone was added cesium carbonate (2.56 g) and the mixture was 
stirred at room temperature for 2 hrs. Acetone was evaporated under reduced pressure and the residue was extracted 
with ethyl acetate (140 mL) and water (70 mL). The organic layer was separated, and washed with 10% aqueous 
sodium sulfite solution (30 mL) and saturated brine (30 mL). The mixture was dried over anhydrous magnesium sulfate 
and concentrated under reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl 
acetate:hexane=2:1) and further purified by preparative HPLC (ODS-A manufactured by YMC Co. Ltd., diameter 30 
mm. length 250 mm: eluted with acetonitrile:water=33:67, flow rate 20 mL/min) to give a less polar diastereomer (0.296 
g) of the title compound as a colorless solid. 

1H-NMR (CDCI3): 1.15(3H,d.J=6.0Hz). 1 .28(3H.d,J=6.3Hz), 2.00(3H.d,J=6.3Hz). 2.38(3H.s), 4.40(2H.q,J=7.9Hz), 
4.78(1H.m), 5.00(1 H,d.J=1 3.8Hz). 5.12(1H,d.J=13.8Hz). 6.67(1 H,d,J=5.6Hz), 7.31-7.44(3H.m)7.76(1H.m). 7.88(1H. 
m). 8.39(1 H,d,J=5.6Hz). 
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Example 12 

Isopropyl 1 -[(S)-2-[p-methyl-4-(2,2,24rifluoroethoxy)-2-pyrldinyl]methyl]sulf inyl]-1 H-benzimidazol-l -yljethyl 
carbonate 

[0169] 




[0170] To a solution (1 GO mL) of (S)-2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]sulfinyl]-1 H-benzimida- 
zole (3.70 g) and isopropyl 1 -iodoethyl carbonate (2.86 g) in acetone was added cesium carbonate (3.62 g) under ice- 
cooling, and the mixture was stirred for 1 .5 hrs. The reaction solution was concentrated under reduced pressure, and 
the residue was extracted with ethyl acetate and water. The organic layer was separated, and washed with saturated 
brine, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified 
by silica gel chromatography (eluted with ethyl acetate :hexane=2:1), and the obtained solid was recrystallized from 
ethyl acetate-isopropyl ether to give a less polar diastereomer (0.75 g) of the title compound as a colorless solid. 
1H-NMR(CDCI3): 1 .15(3H,d,J=6.2Hz), 1 .27(3H,d,J=6.2Hz), 2.00(3H,d,J=6.6Hz), 2.37(3H,s), 4.40(2H,q,J=8.0Hz), 
4.80-4.95(1 H,m), 5.00(1 H,d.J=1 4.0Hz), 5.12(1 H,d,J=14.0Hz), 6.67(1 H,d,J=6.0Hz), 7.30-7.50(3H.m), 7.70-7.95(2H. 
m), 8.38 (1H,d,J=6. OHz). 

Example 13 

1 ,3-DlGthoxy-2-propyl 1 -[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridlnyl]methyl]sulfinyl]-1 H-benzimidazol-l -yl]ethyl 
carbonate 

[0171] 




[0172] To a solution (30 mL) of 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyllmethyl]thio]-1H-benzimidazole 
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(1 .77 g) in acetone were added the compound (3.00 g) of Reference Example 7 and cesium carbonate (2.61 g), and 
the mixture was stirred at room temperature for 18 hrs. The reaction solution was extracted with ethyl acetate - water, 
and the organic layer was washed with saturated brine, dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl acetate:hexane=2: 
1) to give 1 ,3-dlethoxy-2-propyl 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridlnyl]methyl]thio]-1 H-benzlmldazol- 
1 -yl]ethyl carbonate (0.45 g) as a colorless solid. 

1H-NMR(CDCI3): 0.97(3H,t,J=7.0Hz), 1 .17(3H,t.J=7.0H2), 1 .87(3H,d.J=6.2Hz). 2.35(3H,s), 3.20-3.70(8H.m). 4,40(2H, 
q.J=5.8Hz), 4.70-4.95(1 H.m), 4.85(2H,s). 6.66(1 H.d,J=6.0Hz). 6.87(1 H,q,J=6.2Hz), 7.10-7,30(2H.m), 7.55-7.75(2H. 
m), 8.36(1 H,d.J=6.0Hz). 

[0173] To a solution (10 mL) of 1 ,3-diethoxy-2-propyl 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyI]methyl] 
thio]-1H-ben2lmidazol-1-yl]ethyl carbonate (0.44 g) in toluene was added 3-ch I oroperoxy benzoic acid (content: ca. 
65%: 0.15 g) under ice-cooling, and the mixture was stirred for 3 hrs. The reaction solution was extracted with ethyl 
acetate - water, and the organic layer was washed with 10% aqueous sodium thiosuffate solution and saturated brine, 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified by silica 
gel chromatography (eluted with ethyl acetate) and crystallized from diisopropyl ether to give a less polar diastereomer 
(0.25 g) of the title compound as a cotoriess solid. 

IH-NMR (CDCI3): 0.87(3H,t,J=7.0Hz), 1 .17(3H.t,J=7.0Hz), 2.01(3H,d,J=6.6Hz), 2.37(3H,s). 3.10-3.65(8H.m), 4.40 
(2H.q,J=8.2Hz),4.80-4.95(1H,m).5.00(1H,d.J=14.0Hz).5.12(1H,d,J=14.0Hz),6.67(1H.d,J=5.8Hz),7.30-7.60(3H.m), 
7.70-7.90(2H,m), 8.38(1 H.d.J=5.8Hz). 

Example 14 

1 ,3-Dlmethoxy-2-propyl 1 -[2-[[[3-methyl-4-(2,2,2-trlfluoroethoxy)-2-pyridlnyl]methyl]sulflnyl]-1 H-benzlmldazol-1 -yl] 
ethyl carbonate 

[0174] 




[0175] To a solution (20 mL) of 2-[[[3-methyl-4-(2,2.2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-benzimidazole 
(2.64 g) in acetone were added the compound (3.40 g) of Reference Example 9 and cesium carisonate (3.49 g) and 
the mixture was stirred at room temperature for 18 hrs. The reaction solution was extracted with ethyl acetate - water, 
and the organic layer was washed with saturated brine, dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl acetate: hexane=2: 
1) to give 1 ,3-dimethoxy-2-propyl 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-benzlmidazol- 
1 -yl]ethyl carbonate (1 .48 g) as a coloriess solid. 

1H-NMR(CDCI3): 1 .87(3H,d,J=6.2Hz), 2.35(3H,s), 3.17(3H,s), 3.34(3H.s). 3.42(2H.d,J=5.2Hz). 3.55(2H,d,J=5.2Hz). 
4.40(2H,q,J=8.0Hz), 4.80-5. 00(3H,m), 6.65(1 H,d,J=5,8Hz). 6.67(1 H.q,J=6.2Hz), 7.15-7.35(2H.m). 7.55-7.75(2H,m), 
8.36(1 H.d,J=5.8Hz). 

[0176] To a solution (20 mL) of 1 ,3-dimethoxy-2-propyl 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinylImethyl] 
thlo]-1H-benzimldazol-1-yl]ethyl carbonate (1.45 g) in toluene was added 3-chloroperoxybenzoic acid (content: ca. 
65%: 0.506 g) under ice-cooling, and the mixture was stirred for 3 hrs. The reaction solution was extracted with ethyl 
acetate - water, and the organic layer was washed with 10% aqueous sodium thiosulfate solution and saturated brine, 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified by silica 
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gel chromatography (eluted with ethyl acetate) and recrystalllzed from ethyl acetate - diisopropyl ether to give a less 
polar diastereomer (0.85 g) of the title compound as a colorless solid. 

1H-NMR(CDCI3): 2.01(3H,d.J=6.6Hz). 2.36(3H,s), 3.10(3H,s), 3.35(3H.s), 3.38(2H,d,J=5.0Hz). 3.63(2H,d,J=5,0Hz), 
4.40(2H,q,J=7.6Hz), 4.80-4.95(1 H.m), 5.00(1 H,d.J=13.8Hz), 5.11(1H,d.J=13.8Hz). 6.66(1 H.d,J=6.0Hz), 7.30-7.50 
5 (3H.m), 7.70-7.90(2H,m), 8.37(1 H,d,J=6,0Hz). 

Example 15 

1 -[2-[[[3-Methyl-4-(2,2,2-trifluoroethoxy)-2-pyridlnyllmethyll]sulflnyl)-1 H-benzimldazol-1 -yl] ethyl tetrahydro-2H-pyran- 
10 4-yl carbonate 

[01771 



IS 



20 



25 



30 




[0178] To a solution (20 mL) of 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-benzimlda20le 
(2.47 g) In acetone were added the compound (3.00 g) of Reference Example 11 and cesium carbonate (3.25 g) and 

35 the mixture was stirred at room temperature for 3 hrs. The reaction solution was extracted with ethyl acetate - water, 
and the organic layer was washed with saturated brine, dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl acetate: hexane=2: 
1) to give H2-[[[3-methyl-4-(2,2,24rifluoroethoxy)-2-pyridinyl]rnethyl]thlo]-1H-benzlmldazol-1-yl]et tetrahydro-2H- 
pyran-4-yl carbonate (0.85 g) as a colorless solid. 

40 1H-NMR(CDCI3): 1.60-2.10(4H,m), 1 .88(3H.d.J=6.4Hz). 2.36(3H,s), 3. 35-3. 65(2 H,m). 3.80-4.00(2H.m), 4.40{2H,q, 
J=:7.8Hz). 4.65-4.86(1 H.m), 4.86(2H.s). 6.66(1 H,d,J=5.8Hz). 6.88(1 H,q.J=6.4H2). 7.20-7.30(2H.m), 7.55-7.75 (2H,m) , 
8.36 (1H,d,J=5.8H2). 

[0179] To a solution (15 mL) of 2-[2-[p-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thlo]-1H-ben2lmidazol- 
1-yl]ethyl tetrahydro-2H-pyran-4-yl carbonate (0.70 g) in toluene was added 3-chloroperoxyben20ic acid (content: ca. 

45 65%: 0.252 g) under ice-cooling, and the mixture was stirred for 3 hrs. The reaction solution was extracted with ethyl 
acetate - water, and the organic layer was washed with 1 0% aqueous sodium thiosulfate solution and saturated brine, 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified by silica 
gel chromatography (eluted with ethyl acetate), and recrystalllzed from ethyl acetate - diisopropyl ether to give a less 
polar diastereomer (0.48 g) of the title compound as a colorless solid. 

so 1H-NMR (CDCI3) : 1 .50-1 .90(4H.m). 2.02(3H.d,J=6.2Hz), 2.38(3H.s). 3.30-3.55{2H,m), 3.75-4.00(2H.m), 4.41 (2H,q, 
J=7.6H2). 4.60-4.80(1 H,m). 5.00(1 H,d,J=13.8Hz), 5.12(1H.d,J=13.8Hz). 6.67(1 H,d.J=5.8Hz), 7.30-7.50(3H.m), 
7.70-7.95(2H.m), 8.37(1 H.d, J=5.8Hz). 
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Example 16 

2-Methoxyethyl 1 ^2-[[[3-methyl-4-(2,2,2-trlfluoroethoxy)-2-pyrldinylJmethyl]sulf jnyl]-1 H-benzlmidazol-l -yljethyl 
carbonate 

[0180] 




[0181] To a solution (20 mL) of 2-[[[3-methyI-4-(2,2,2-trifluoroethoxy)-2-pyrldinyl-2-methyl]thio]-1 H-benzimidazote 
(3.29 g) In acetone were added compound (3.65 g) of Reference Example 13 and sodium hydrogen carbonate (5.59 
g) and the mixture was stirred at room temperature for 18 hrs. The reaction solution was extracted with ethyl acetate 
- water and the organb layer was washed with saturated brine, dried over anhydrous magnesium sulfate and concen- 
trated under reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl acetate:hex- 
ane=2:1) to give 2-methoxy ethyl 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-benzlmidazol- 
1-yl) ethyl carbonate (1.99 g) as a colorless solid. 

^H-NMR (CDCI3) : 1 .87(3H,d,J=6.2Hz), 2.35(3H,s). 3.32(3H,s), 3.65(2H,t,J=4.4Hz), 4.10-4.50(4H.m). 4.85(2H.s), 6.66 
(1H,d,J=5.8Hz). 6.89(1 H,q,J=6.2Hz). 7.15-7.30(2H,m), 750-7.75(2H,m). 8.36(1 H.d,J=5.8Hz). 

[01 82] To a solution (25 mL) of 2-methoxyethyl 1 -[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1 H- 
benzimidazoM -yljethyl carbonate (1 .50 g) in toluene was added 3-chloroperoxybenzoic acid (content: ca. 65%: 0.569 
g) under ice-cooling, and the mixture was stirred for 1 hr. The reaction solution was extracted with ethyl acetate - water, 
and the organic layer was washed with 1 0% aqueous sodium thiosulfate solution and saturated brine, dried over an- 
hydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified by silica gel chroma- 
tography (eluted with ethyl acetate) and recrystalllzed from ethyl acetate-dlisopropyl ether to give a less polar dlaster- 
eomer (0.90 g) of the title compound as a colorless solid. 

^H-NMR(CDCl3): 2.01(3H,d,J=6.2Hz). 2.37(3H,s), 3.31 (3H,s), 3.53(2H.t.J=4.8Hz), 4.05-4.50{4H,m), 4.99(1 H,d, 
J=14.0Hz), 5.12(1H,d,J=14.0Hz). 6.67(1 H.d.J=5.8Hz), 7.30-7.50(3H.m), 7.70-7.90(2H,m). 8.38(1 H,d.J=5.8Hz). 
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Example 17 

1 -[2-[[[3-Methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]sulfinyl]-1 H-benzimidazol-1 -yl] ethyl 2,2-bls 
(methoxymethyl)propanoate 

5 

[0183] 



10 



IS 



20 




[0184] To a solution (10 mL) of 2-[p-methyt-4-(2,2,2-trlfluoroethoxy)-2-pyridinyl]methyl]thio]-1 H-benzimidazole 
25 (0.67 g) in acetone were added the compound (1 .20 g) of Reference Example 15 and cesium cart5onate (0.912 g) and 
the mixture was stirred at room temperature for 1 8 hrs. The reaction solution was extracted with ethyl acetate - water, 
and the organic layer was washed with saturated brine, dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl acetate:hexane=2: 
1) to give 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1 H-benzimidazoI-1-y^^ 3-methoxy- 
30 2-(methoxymethyl)-2-methylpropanoate (1-[2-[[[3-methyl-4-(2,2,2-:trifluoroethoxy)-2-pyridinyl]methyl]thio]-1 H-benzim- 
idazol-1 -yl]ethyl 2,2-bis(methoxymethyl)propanoate) (0.280 g) as a colorless solid. 

1H-NMR(CDCI3): 1.15(3H.s), 1 .83(3H,d,J=6.2Hz). 2.35(3H,s), 3.13(3H.s), 3.19(3H,s), 3.41(2H,s), 3.44(2H.s), 4.40 
(2H,q.J=8.2Hz), 4.85(2H.s), 6.66(1 H,d,J=5.8Hz). 7.03(1 H,q,J=6.2Hz). 7.10-7.30(2H,m). 7.50-7.60(1 H.m), 7.62-7.75 
(1H,m), 8.36(1 H,d,J=5.8Hz). 

35 [0185] To a solution (10 mL) of 1-[2-[[[3-methyl-4-(2.2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-benzimidazol- 
1 -yljethyl 2,2-bls(methoxymethyl)propanoate (0.27 g) In toluene was added 3-chloroperoxybenzolc acid (content: ca. 
65%: 95 mg) under ice-cooling, and the mixture was stirred for 1 hr. The reaction solution was extracted with ethyl 
acetate - water, and the organic layer was washed with 1 0% aqueous sodium thiosulfate solution and saturated brine, 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was purified by silica 

^0 gel chromatography (eluted with ethyl acetate:hexane=2:1 ) and recrystallized from ethyl acetate - diisopropyl ether to 
give a less polar diastereomer (0.12 g) of the title compound as a colorless solid. 

1H-NMR (CDCI3) : 1.14(3H,s), 1 .98(3H.d.J=6.2Hz), 2.37(3H,s), 3.05(3H,s), 3.12(3H,s), 3.30-3.50(4H,m), 4.40(2H,q, 
J=8.0Hz), 5.00(1 H,d,J=1 3.8Hz), 5.12(1 H,d,J=13.8Hz), 6.66(1 H,d.J=5.6Hz), 7.25-7 .50(3H.m), 7.65-7.75(1 H,m), 
7.80-7.90(1 H,m), 8.38 (IH.d, J=5. 6Hz). 
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Example 18 

1 -[2-[[[3-Methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyGsulf inyl]-1 H-benzimidazol-1 -yljethyl 
cyclopentanecarfooxylate 

[0186] 




[0187] Using the compound of Reference Example 16 and by a similar operation as in Example 17. a less polar 
diastereomer (1 .80 g) of the title compound was synthesized. 

1H-NI\/1R(CDCI3): 1 .40-2.00(8H.m), 1.96(3H,d.J=6.2Hz), 2.37(3H,s). 2.60-2.90(1 H,m). 4.40(2H.q.J=7.6Hz), 6.00(1 H. 
d,J=13.8Hz), 5.12(1H,d.J=13.8Hz). 6.66(1 H.d,J=:5.8Hz). 7.30-7.45(3H,m), 7.65-7.75(1 H.m), 7.80-7.90(1 H,m), 8.38 
(1H,d,J=6.8Hz). 

Example 19 

Cyclopentyl 1 -[2-[[[3-methyl-4-(2,2,2-trif luoroethoxy)-2-pyridinyl]methyl]sulf inyl]-1 H-benzimidazol-1 -yl] ethyl 
carbonate 

[0188] 




[0189] A mixture of 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyllthio]-1H-benzimidazole (3.18 g), cy- 
clopentyl 1-iodoethyl carbonate (3.84 g), sodium hydrogen carbonate (3.78 g) and acetonitrile (20 mL) was stirred at 
room temperature for 24 hrs. Water (50 mL) was added to the reaction solution and the mixture was extracted with 
ethyl acetate (50 mL). The ethyl acetate layer was washed with saturated brine (50 mL) and dried over anhydrous 
sodium sulfate. After filtration, the filtrate was concentrated under reduced pressure and the obtained residue was 
purified by si Ilea gel flash col umn ch romatography (eluted with ethyl acetate: hexane=4: 1 ) to give cyclopentyl 1 -[2-[[[3-me- 
thyl-4-(2,2,2-tr!fluoroethoxy)-2-pyridinyl]methyl]thio]-1 H-benzimidazol-1 -yl]ethyl carbonate (2.69 g) as a pale-yellow or- 
ange powder. 

1H-NMR(CDCI3) • 1.52-2.00(8H,m), 1 .86(3H.d,J=6.2Hz), 2.35(3H,s). 4.40(2H,q,J=8.0Hz), 4.86(2H,s), 4.98-5.03(1 H, 
m), 6.66(1 H,d,J=6.0Hz), 6.89(1 H,q,J=6.2Hz), 7.17-7.27(2H,m). 7.56-7. 72(2H.m), 8.36(1 H,d.J=6.0Hz). 
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[0190] To a solution of 1-[2-[p-methyl-4-(2,2,2-lrifluoroethoxy)-2-pyridinyI]methyl]thio]-1H-benzlm^ 
carbonate (2.62 g) in toluene (10 mL) was added 3-chloroperoxyben2olc acid (content: ca, 65%: 1 .27 g) at O^C, The 
mixture was stirred at 0°C for 3 hrs. Water (50 mL) was added to the reaction solution and the mixture was extracted 
with ethyl acetate (50 mL). The ethyl acetate layer was washed with aqueous sodium hydrogen carbonate (50 mL) 
5 and saturated brine (50 mL) and dried over anhydrous sodium sulfate. After concentration under reduced pressure, 
the residue was purified by silica gel flash column chromatography (eluted with ethyl acetate:hexane=5:1-10:1) and 
crystallized from ethyl acetate-diisopropyl ether to give a less polar diastereomer (707 mg) of the title compound as 
white powder crystals. 

1H-NMR(CDCI3) : 1.40-1 .90(8H,m) ,2.00(3H,d,J=:6.6Hz) ,2.37(3H,s),4.44(2H,q,J-8.0H2), 4.96-5.03(1 H,m), 5.00(1 H. 
10 d,J=13.6Hz), 5.12(1 H,d.J=13.6Hz), 6.67(1 H,d,J=6.0Hz). 7.26-7.44(3H,m), 7.71 -7.76(1 H.m), 7.83-7.89(1 H,m), 8.38 
(1H.d.J=6.0H2), 

Example 20 

15 2-(Acetylamino)ethyl 1 -[2-|I[3-methyl-4-(2,2,2-trif luoroethoxy)-2-pyridinyl]methyl]sulfinyl]-1 H-benzimldazol-1 -yljethyl 
carbonate 

[0191] 

20 



25 



30 




35 

[0192] A mixture of 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyrldinyl]methyllthio]-1H-benzimidazole (626 mg), 
2-(acetylamino)ethyl 1-iodoethyl carbonate (800 mg), sodium hydrogen carbonate (743 mg) and acetonitrile (20 mL) 
was stirred at room temperature for 20 hrs. Water (50 mL) was added to the reaction solution and the mixture was 
extracted with ethyl acetate (100 mL). The ethyl acetate layer was washed with saturated brine (100 mL) and dried 
40 over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under reduced pressure and the obtained 
residue was purified by silica gel flash column chromatography (eluted with ethyl acetate:hexane==1 :1 ) and crystallized 
from dllsopropyl ether to give 2-(acetylamino)ethyl 1-[2-[[I3-methyl-4-(2.2,2-trlfluoroethoxy)-2-pyrldinyl]methyl]thlo]- 
1H-benzimidazol-1-yl]ethyl carbonate (265 mg) as pale-yellow powder crystals. 

^H-NMR (CDCI3) : 1.87(3H,s), 1 .90(3H,d,J=6,2Hz), 2.36(3H,s), 3.46(2H,q.J=6.0Hz), 4.18(2H,t.J=6.0Hz), 4.45(2H.q, 
45 J=8.2Hz), 4.82(2H.d.J=13.6Hz), 4.89(2H,d,J=13.6Hz), 5.75(1H,bs), 6.66(1 H.d,J=6.2Hz). 6.84(1 H.q,J=6.2Hz), 
7.20-7.31 {2H.m), 7.56-7.60(1 H,m), 768-7.72(1 H.m), 8,36(1 H,d.J=6.2Hz). 

[0193] To a solution of 2-(acetylamlno)ethyl 1-[2-[[I3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thlo]-1H- 
benzimidazol-l-yljethyl cartaonate (500 mg) in toluene (5 mL) was added 3-chloroperoxybenzoic acid (content: ca. 
65%: 277 mg) at 0°C. The mixture was stirred at room temperature for 2 hrs. and water (50 mL) was added to the 

50 reaction solution. The solution was extracted with ethyl acetate (50 mLx2). The ethyl acetate layer was washed with 
aqueous sodium hydrogen cariDonate (100 mL) and saturated brine (100 mL), dried over anhydrous sodium sulfate 
and concentrated under reduced pressure. The obtained residue was purified by silica gel flash column chromatography 
(eluted with acetone:hexane=1: 1-2:1), and crystallized from diisopropyl ether to give a less polar diastereomer (319 
mg) of the title compound as white powder crystals. 

55 iH-NMR(CDCi3): 1.74(3H,s). 2.03(3H.d,J=6.2Hz), 2.37(3H.s). 3.36-3.48(2H,m). 4.02-4.1 4(1 H,m). 4.25-4.34(1 H,m). 
4.39(2H,q,J=6.6Hz). 5.03(1 H,d.J=6.4Hz). 5.26(1 H,d.J=6.4Hz), 6.48(1 H,bs), 6.63(1 H,d,J=5.4Hz), 7.20(1 H.q,J=6.2Hz), 
7.33-7.48(2H.m). 7.64-7.69(1 H,m), 7.81 -7.86(1 H,m), 8.23(1 H,d, J=5.4Hz). 
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Example 21 

Diethyl 3-[[[1 -[2-[[[3-methyl-4-(2.2.2-trifluoroethoxy)-2-pyriclinyl]methyllsulfinyl]-1 H-benzimldazol-1 -yl]ethoxy] 
carbonyl]oxy]-1 ,5-pentaneclioate 

[0194] 




[0195] A mixture of 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thlo]-1 H-benzimidazole (1 .91 g), diethyl 
3-[[(1-iodoethoxy)carbonyl]oxy]-1.5-pentanedioate (3.26 g), sodium hydrogen carbonate (2.27 g) and acetonitrlle (50 
mL) was stirred at room temperature for 20 hrs. Water (1 00 mL) was added to the reaction solution and the mixture 
was extracted with ethyl acetate (1 00 mL). The ethyl acetate layer was washed with saturated brine (1 00 mL) and dried 
over anhydrous sodium sulfate. After filtration, the filtrate was concentrated under reduced pressure and the obtained 
residue was purified by column chromatography [Chromatorex NH silica gel (FUJI SILYSIA CHEMICAL LTD.). eluted 
with ethyl acetate:hexane==1 :1] and crystallized from diisopropyl ether to give diethyl 3-[[[1-[2-[[[3-methyl-4-(2,2,2-trif- 
luoroethoxy)-2-pyridinyl]methyl]thlo]-1H-benzimidazol-1-yl)ethoxy]carbonyl]oxy]-1,5-pentanedioate (1.27 g) as pale- 
yellow powder crystals. 

IH-NMR (CDCI3): 0.99(3H,t,J=7.0Hz), 1.25 (3H.t.J=7.2Hz), 2.86(3H,d,J=6.4Hz), 2.35(3H.s). 2.64(2H,d,J=6.6Hz), 
2.72(2H.d.J=6.6Hz). 3.74-3.96(2H,m), 4.13(2H,q,J=7.0Hz), 4.37(2H,q,J=7.2Hz). 4.82(1 H,d.J=13.8Hz). 4.88(1 H.d, 
J=13.8Hz). 5.32(1 H,d.J=6.6Hz), 6.66(1 H,d.J=5.8Hz), 6.87(1 H,qJ=6.4Hz). 7.16-7.29(2H.m), 7.52-7.58(1 H.m). 
7.66-7.70(1 H,m), 8.36(1 H,d,J=5.2Hz). 

[0196] To a solution of diethyl 3-[[[1 -[2-[p-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1 H-benzimidazol- 
1 -yl)ethoxy]carbonyl]oxy]-1 ,5-pentadloate (500 mg) In toluene (5 mL) was added 3-chlo rope roxy benzoic acid (content: 
ca. 65%: 233 mg) at CC, The mixture was stin-ed at room temperature for 3 hrs., and water (50 mL) was added to the 
reaction solution. The mixture was extracted with ethyl acetate (100 mL). The ethyl acetate layer was washed with 
aqueous sodium hydrogen carbonate (1 00 mL) and saturated brine (1 00 mL) and dried over anhydrous sodium sulfate. 
It was concentrated under reduced pressure and the obtained residue was purified by silica gel flash column chroma- 
tography (eluted with ethyl acetate :hexane=1 :4) and crystallized from diisopropyl ether to give a less polar diastereomer 
(302 mg) of the title compound as white powder crystals. 

^H-NMR (CDCI3) : 0.94(3H.t,J=7.0Hz). 1 .25(3H.t,J=7.0Hz). 2.00(3H,d,J=6.2Hz). 2.36(3H,s), 2.60(2H,d,J=6.2Hz). 2.72 
(2H,d,J=6.2Hz). 3.65-3.88(2H.m), 4.14(2H.q.J=7.0Hz), 4.41(2H,q.J=7.0Hz), 5.03(1 H,d,J=1 4.0Hz). 5.11(1H,d, 
J=14.0Hz), 5.31(1H,q,J=6.2Hz), 6.67(1 H,d,J=6.0Hz). 7.31-7.42(3H,m), 7.67-7.76(1 H,m). 7.82-7.88(1 H.m). 8.37(1H, 
d,J=6.0Hz). 
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Example 22 

1 -[2^[[3-Methyl-4-(2,2,2-trifluoroethoxy)-2-pyriclinyl]methyl]sulfinyll-1 H-benzimidazol-l -yl]ethyl acetate 
5 [0197] 



10 



15 




[0198] A mixture of 2-[p-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]*1H-benzimidazole (3.41 g), 1-lo- 
doethyl acetate(3.1 g), sodium hydrogen carbonate (2.44 g), cesium chloride (3.25 g) and acetonitrile (20 mL) was 
stirred at room temperature for20 hrs. Water (200 mL) was added to the reaction solution, and the mixture-w^ 
with ethyl acetate (100 mL). The ethyl acetate layer was washed with water (100 mL) and saturated brine (100 mL), 
25 dried over anhydrous sodium sulfate and concentrated under reduced pressure. The obtained residue was purified by 
silica gel flash column chromatography (eluted with acetone:hexane=1 :1 0-1 :4) and crystallized from diisopropyl ether 
to give 1-[2-[[I3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-benzimidazol-2-yl]ethyl acetate (975 mg) 
as pale-yeliow powder crystals. 

^H-NMR (CDCy : 1 .83(3H,d,J=6.2Hz), 2.05(3H,s), 2.35(3H,s), 4.40(2H.q.J=8.0Hz), 4.85(2H,s). 6.66(1 H.d.J=5.4Hz). 

30 7.02(1 H,q,J=6.2Hz), 7.18-7.39(2H,m), 7.52-7.59(1 H.m). 7.65-772(1 H.m), 8.37(1 H,d,J=5.4Hz). 

[0199] To a solution of 1-[2-[p-methyl-4-(2,2,2-trifluoroethoxy)-2-pyrldiny!]methyl]thio]-1H-benzimidazol-1-yl]ethyl 
acetate (500 mg) In toluene (5 mL) was added 3-chloroperoxybenzolc acid (content: ca. 65%: 332 mg) at O^'C. The 
mixture was stinted at room temperature for 2 hrs. Water (100 mL) was added to the reaction solution and the mixture 
was extracted with ethyl acetate (100 mL). The ethyl acetate layer was washed with aqueous sodium hydrogen car- 

35 bonate (1 00 mL) and saturated brine (1 00 mL), dried over anhydrous sodium sulfate and concentrated under reduced 
pressure. The obtained residue was purified by silica gel flash column chromatography (eluted with ethyl acetate: 
hexane==4:1-10:1) and crystallized from ethyl acetate - diisopropyl ether to give a less polar diastereomer (300 mg) of 
the title compound as white powder crystals, 

^H-NMR {CDCI3) : 1.98(3H,d.J=6.6Hz), 2.07(3H.s). 2.38(3H,s), 4.40(2H,q.J-8.0Hz), 4.98(1 H.d,J=1 4.0Hz). 5.12{1H. 
40 d,J=14.0Hz), 6.66(1 H,d,J=5.8Hz), 7.33-7.45 (3H.m), 7.69-7.73(1 H,m), 7.83-7.90(1 H,m), 8.37(1 H.d.J=5.8Hz). 
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Example 23 

1 .3-Dioxan-5-yl 1 -[2-[n3-methyl-4-(2,2,2-trif luoroethoxy)-2-pyridinyl]methyl]sulfinyl]-1 H-benzimida2ol-1 -yl]ethyl 
carbonate 

5 

[0200] 



10 



IS 




20 [0201] A mixture of 2-[[[3-methyl-4-(2.2,2-trifIuoroethoxy)-2-pyridinyl]methyl]thio]-1 H-benzimidazole (4.34 g), 1 ,3-di- 
oxan-5-yl 1-iodoethyl carbonate (5.57 g), sodium hydrogen carbonate (3.1 g), cesium chloride (4.14 g) and acetonitrile 
(20 mL) was stirred at room temperature for 20 hrs. Water (1 00 mL) was added to the reaction solution and the mixture 
was extracted with ethyl acetate (100 mLx2). The ethyl acetate layer was washed with water (ICQ mL) and saturated 
brine (1 CO mL), dried over anhydrous sodium sulfate and concentrated under reduced pressure. The obtained residue 

25 was purified by silica gel flash column chromatography (eluted with acetone:hexane=1 :5-1 :2), and crystallized from 
diisopropyl ether to give 1 .3-dioxan-5-yl 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-benziml- 
dazol-1-yl] ethyl carbonate (2.71 g) as pale-yellow powder crystals. 

1H-NMR(CDCI3): 1 .89(3H,d,J=6.2Hz). 2.35(3H,s), 3.87-3.90(1 H.m), 3.98-4.02(1 H.m), 4.40(2H,q,J=8.0Hz). 4.51 (1H. 
quintet, J=3.0Hz), 4.79(1 H.d,J=6.2Hz). 4.85(2H,s), 4.92(1 H,d,J=6.2Hz), 6.65(1 H.d.J=5.8Hz), 6.89(1 H.q.J=6.2Hz). 

30 718-7.30(2H,m), 7.57-7. 73(2 H.m). 8.36(1 H,d.J=5.8Hz). 

[0202] To a solution of 1 ,3-dioxan-6-yl 1 -[2-t[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1 H-benzlmi- 
dazol-1-yl]ethyl carbonate (1.05 g) in toluene (150 mL)-tetrahydrofuran (15 mL) was added 3-chloroperoxybenzoic 
acid (content: ca. 65%: 584 mg) at 0*'C. The mixture was stirred at room temperature for 2 hrs. and ethyl acetate (100 
mL) was added. The mixture was washed with water (100 mL), aqueous sodium hydrogen carbonate (100 mL) and 

35 saturated brine (1 00 mL), dried over anhydrous sodium sulfate and concentrated under reduced pressure. The obtained 
residue was purified by silica gel flash column chromatography (eluted with ethyl acetate:hexane=1 :5-1 :1 , then suc- 
cessively with ethyl acetate) and crystallized from ethyl acetate - diisopropyl ether to give a less polar diastereomer 
(828 mg) of the title compound as white powder crystals. 

1H-NMR (CDCI3) : 2.03(3H.d.J=6.6Hz), 2.37(3H,s), 3.86-3.87(2H,m), 3.97-4.00(2H.m). 4.42(2H.q.J=B.0Hz), 4.49(1 H. 
40 qulntet.J=3.0Hz}, 4.75(1 H,d,J=6.2Hz). 4.93(1 H.d.J=6.2Hz), 5.00(1 H.d.J=13.8Hz), 5.11(1H.d,J=13.8Hz), 6.66(1H.d, 
J=5.8Hz). 733-7.45(3H,m). 7.75-7.82(1 H,m). 7.84-7,88(1 H.m), 8.36(1 H.d,J=6.8Hz). 
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Example 24 

1 -[2-[[[3-Methyl-4-(2,2.2-trifluoroethoxy)-2-pyridinyl]methyl]sulflnyl]-1 H-benzlmidazol-l -yl]ethyl 
cyclohexanecarboxylate 

[0203] 




[0204] To a mixture of 2-[I[3-methyI-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyI]thio]-1 H-benzimldazole (3. 1 3 g), ce- 
sium carbonate (3.46 g) and acetone (50 mL) was added dropwise 1 -iodoethyl cyclohexanecarboxylate (2.50 g). After 
stirring at room temperature for 4 hrs., insoluble materials were filtered off and the filtrate was concentrated under 
reduced pressure. The residue was purified by silica gel chromatography (eluted with ethyl acetate: hexane=1 then 2: 
1) to give 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]thio]-1H-ben2lmldazol-1-yl]ethyl cyclohexane- 
carboxylate (1 .72 g) as a colorless oil. 

^H-NMR(CDCl3) : 1 .1 0-2.00(1 OH.m). 1 .81 (3H.d.J=6.2H2). 2.20-2.40(1 H.m), 2.35(3H,s), 4.40(2H,q,J=7.9Hz), 4.85(2H. 
s). 6.65(1 H,d,J=5.9Hz), 7.00(1 H.q.J-6.2H2). 7.16-7.30(2H,m), 7.60-762(1 H,m), 7.64-7.73(1 H,m), 8.36(1 H,d, 
J=5.9Hz). 

[0205] To a solution (30 mL) of 1-[2-[[[3-methyl-4-(2,2,2-trlfluoroethoxy)-2-pyridinyl]methyl]thio]-1H-benzimida2ol- 
1-yl]ethyl cyclohexanecarboxylate (1 .65 g) in toluene was added 3-chloroperoxybenzoic acid (content: ca. 65%: 0.865 
g) by small portions under ice-cooling. After stirring under ice-cooling for 1 hr. , ethyl acetate (1 00 mL) was added and 
the mixture was washed with aqueous sodium hydrogen carbonate (50 mL), aqueous sodium thiosulfate solution (50 
mL) and brine (50 mL). The mixture was dried over anhydrous magnesium sulfate and concentrated under reduced 
pressure. The residue was purified by silica gel chromatography (eluted with ethyl acetate: hexane=2:2, then succes- 
sively with ethyl acetate). Crystallization from diisopropyl ether and recrystallization from ethyl acetate - dllsopropyl 
ether gave a less polar diastereomer (1 .1 0 g) of the title compound as a coloriess solid. 

1H-NMR(CDCI3): 1. 10-2.00(1 OH . m), 1.96(3H.d,J=6.6Hz). 2.22-2.42(1 H,m). 2.37(3H,s), 4.40(2H,q,J-7.8Hz), 5.01(1H. 
d.J=13.9Hz), 5.12(1 H.d.J=13.9Hz). 6.66(1 H,d.J=5.7Hz). 7.30-7.45(3H.m), 7.67-7.76(1 H.m), 7.82-7.92(1 H.m), 8.38 
(1H,d,J=5.7Hz). 
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Example 25 

1 -[2^[[3-Methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]sulfinyl]-1 H-benzimidazoM -yl]ethyl methoxyacetate 
[0206] 




[0207] To a mixture of 2-[[[3H7iethyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl)methylJthio]-1 H-benzimidazoIe (2.20 g), so- 
dium hydrogen carbonate (2.62 g) and acetonitrile (60 mL) was added dropwise 1 -iodoethyl methoxyacetate (1 .83 g). 
The mixture was stirred at room temperature for 4 days and ethyl acetate (100 mL) was added. The mixture was 
washed with water (50 mL), aqueous sodium thiosulfate solution (50 mL) and brine (50 mL), dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. The residue was purified by silica gel chromatography 
(eluted with ethyl acetate:hexane=1 :1 then 4:1 ). Fractions containing 1-[2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyrid- 
lnyl]methyl]thio]-1 H-benzlmldazol-1 -yl]ethyl methoxyacetate were collected and concentrated under reduced pressure. 
To a solution (30 mL) of the residue (1 .65 g) in toluene was added 3-chloroperoxybenzoic acid (content: ca. 65%: 0.936 
g) by small portions under ice-cooling. After stirring under Ice-cooling for 1 hr , ethyl acetate (1 00 mL) was added and 
the mixture was washed with aqueous sodium hydrogen cariDonate (50 mL), aqueous sodium thiosulfate solution (50 
mL) and brine (50 mL). It was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. 
The residue, was purified by silica gel chromatography (eluted with ethyl acetate:hexane=1 :1 then successively with 
ethyl acetate, then successively with ethyl acetate:ethanol=1 9:1 ). Crystallization from ethyl acetate-dllsopropyl ether 
and recrystalllzation from ethyl acetate-diisopropyl ether gave a less polar diastereomer (0.327 g) of the title compound 
as a colorless solid. 

^H-NMR(CDCl3): 2,01(3H.d,J=6.3Hz). 2.37(3H,s). 3.36(3H,s), 4.06(2H.s), 4.40(2H,q.J=7.8Hz), 5.08(2H.s). 6.65(1 H, 
d,J=5.6Hz), 731-7.45(2H.m). 7.51(1H,q,J=6.3Hz). 7.64-7.73(1 H,m), 782-7.91 (1H,m), 8.35(1 H,d,J=5.6Hz). 

Example 26 

4-t(R)-2-[[[3-Methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methylIsulfinyl]-1H-benzlmidazol-1-yl]-2,3- 
[0208] 




[0209] To a solution (150 mL) of (R)-2-[[[3-methyl-4-(2,2,2-trifluproethoxy)-2-pyridinyl]methyl]sulfinyl]-1 H-benzimida- 
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zole sodium salt (30.0 g) in tetrahydrofuran were added lithium iodide (63.7 g) and 4-(dimethylamino)pyridine (4.69 g) 
and the mixture was stirred at room temperature for 1 hr. The reaction solution was cooled to -20*C and 4-chloro- 
1 .3-dloxolan-2-one (13.8 mL) was added. The mixture was warmed to O^C and further stinted for 4 hrs. The reaction 
solution was added to ethyl acetate (1 .5 L) and the mixture was washed successively with 100 mi^ phosphate buffer, 
5 10% aqueous sodium thiosulfate solution and saturated brine. After drying over anhydrous sodium sulfate, It was 
concentrated under reduced pressure. The residual solid was washed with diethyl ether and dried under reduced 
pressure. The obtained solid was recrystallized from acetone to give a less polar diastereomer (18.0 g) of the title 
compound as a colorless solid. 

^H-NMR (CDCI3) : 2.20(3H,s), 4.41 (2H.q,J=8.0Hz). 4.75-5.00(4H.m). 6.67(1 H,d,J=5.8Hz), 7.30-7.50(3H,m), 7.80-7.90 
10 (2H.m), 8.23 (1 H, d, J=5. 8Hz). 

Example 27 

4-[2-[[[3-Methyl-4-(2,2,24rinuoroethoxy)-2-pyridinyl]methyl]sulflnyf]-1H-benzlmidazol-1-yn .3-dloxolan-2-one 

15 

[0210] 



20 



25 




[0211] Sodium hydride (736 mg, 60% in oil) was washed with hexane and added to a solution (20 mL) of 2-[|I3-methyl- 
4-(2,2,2-trifluoroethoxy)-2-pyridjnyl]methyl]thio]-1H-benzimldazole (5.0 g) in N.N-dlmethylfomiamlde under Ice-cool- 
ing. The mixture was stirred at 0**C for 1 hr. and chloroethylene carbonate (2.07 g) was added. The mixture was stirred 

35 for 1 hr. and extracted with ethyl acetate - water. The organic layer was washed with saturated brine, dried over anhy- 
drous magnesium sulfate and concentrated under reduced pressure. The residue was recrystallized from ethyl acetate 
to give 4-[2-[[[3-m6thyl-4-(2,2,2-trlfluoroethoxy}-2-pyrldinyl]methyl]thio]-2H-benzimidazol-1-yl]-1 ,3-dioxolan-2-one as 
acoloriess solid (3.0 g). 4-[2-[[[3-IVIethyl-4-(2,2.2-trlfluoroethoxy)-2-pyridinyl]methyl]thlo]-1H-benzimldazol-1-yl]-1 ,3-di- 
oxolan-2-one (1.0 g) was dissolved in methylene chloride (20 mL), and after cooling to 0**C. 3-chloroperoxybenzoic 

^0 acid (content: ca. 65%, 61 7 mg) was added. The mixture was stirred for 1 hr. The reaction solution was extracted with 
methylene chloride - saturated aqueous sodium hydrogen carbonate. The organic layer was washed with saturated 
brine, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The residue was purified by 
silica gel chromatography (eluted with ethyl acetate) and recrystallized from ethyl acetate to give a more polar dias- 
tereomer (racemate, 400 mg) of the title compound as a colorless solid. 

45 iH-NMR (CDCI3) : 2.25(3H,s), 4.36(2H.q,J=7.BHz) . 4.80-5.1 0(3H,m) , 5.24(1 H,d,J=14.6Hz), 6.58(1 H,d,J=5.8Hz). 
7.30-7.50(3H.m), 7.53(1 H,dd,J=4.8,7.6Hz), 7,70-7.80(1 H.m). 8.18(1 H.d.J=5.8Hz). 



so 
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Example 28 

4-[2-[[[3-Methyl-4-(2,2,2-trifluoroethoxy)-2-pyrid)nyl]methyqsutfinyl]-1H^ 
5 [0212] 



10 



15 




o 



[0213] To a solution (50 mL) of 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]sutfinyl]-1 H-benzimidazole 
(2.0 g) in tetrahydrofuran was added sodium hydride (249 mg, 60% in oil) under ice-cooling after washing with hexane. 
The mixture was stln-ed at O'C for 30 min. and lithium iodide (2.05 g) and chloroethylene carbonate (1 .38 g) were 
added. The mixture was stirred for 2 h rs. The reaction solution was extracted with ethyl acetate - water, and the organic 
25 layer was washed with saturated brine, dried over anhydrous sodium sulfate and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography (eluted with ethyl acetate), and recrystallized from ethyl 
acetate to give a less polar diastereomer (racemate, 860 mg) of the title compound as a colorless solid. 
IH-NMR (CDCI3) : 2.1 9(3H,s), 4.41 (2H.q.J=8.0H2). 4.75-5.00(4H.m), 6.67(1 H.d,J=5.8Hz). 7.30-7.50(3H.m). 7.80-7.90 
(2H.m). 8.23(1 H.d.J=5.8Hz). 

30 

Industrial Applicability 

[0214] The compound of the present Invention is converted to lansoprazole, which is a proton pump inhibitor, In living 
organisms and shows a superior anti-ulcer activity, a gastric acid secretion -suppressive action, a mucosa-protecting 

55 action, an anthHeiicobacter pylori action and the like. In addition, the compound shows low toxicity and is useful as a 
pharmaceutical product. Moreover, since the compound is stable to acid, it does not need to be formulated into an 
enteric-coated preparation, thereby eliminating the cost for formulating enteric-coated preparation. In addition, since 
the tablet becomes small, it Is easy to take for patients with weak swallowing capability, partlculariy the elderly and 
children. Furthemiore, since absorption Is faster than in enteric-coated preparations, expression of a gastric acid se- 

40 cretion-suppressive action is rapid. The preparation is sustainable because it is gradually converted to a conventionally- 
known proton pump inhibitor in living organisms. Consequently, the compound is useful as anti-ulcer agent and the like. 
[0215] This application is based on patent application Nos. 292619/2001 and 047204/2002 filed In Japan, the con- 
tents of which are all hereby Incorporated by reference. 

45 

Claims 



1. A benzimldazole compound represented by the formula (1) 



so 



55 




EP 1 437 352 A1 



5 



10 




O 



(I) 

15 

wherein A is an alkylidene group having 2 or more carbon atoms and optionally having substituent(s), R is a 
hydrocarbon group optionally having substituent(s) or a heterocyclic group optionally having substituent(s), or A 
and R may be bonded to each other to form a 4- to 8-membered ring optionally having substituent(s), and D Is an 
oxygen atom or a bond, or a salt thereof. . 

20 

2. The compound of claim 1 , wherein (i) A and R are bonded to each other to fomi a 4- to 8-membered ring optionally 
having substituent(s) and D is an oxygen atom or a bond, or (li) A and R are not bonded to each other, A is an 
alkylidene group having 2 or more carbon atoms and optionally having substituent(s), R is a hydrocarbon group 
optionally having substituent(s) or a heterocyclic group optionally having substituent(s) and D is an oxygen atom 

25 or a bond. 

3. The compound of claim 1 , which is an (R)-form represented by the formula 



30 




wherein each symbol is as defined In claim 1 . 

45 4. The compound of claim 1, wherein R is a 0^.6 alky' group, a alkenyl group or a Cg-e alkynyl group, which 
optionally has substituent(s) selected from the group consisting of (I) a 05,14 a^V* group. (II) a hydroxy group, (ill) 
a halogen, (Iv) a C^.g alkoxy group optionally substituted by halogen, (v) a C7.12 aralkyloxy group, (vl) a 0^.5 alkoxy- 
carbonyl group and (vii) an acylamino group, or 

a C3.8 cycloalkyi group or a Cg-u aryl group, which optionally has substituent(s) selected from the group consisting 
so of (1) a C6.14 aryl group, (11) a hydroxy group, (ill) a halogen, (iv) a C^.^ alkoxy group optionally substituted by 

halogen, (v) a C7.12 aralkyloxy group, (vl) a C^s alkoxy-cartaonyl group and (vll) a C,^ alkyl group optionally sub- 
stituted by halogen, and A is a alkylidene group optionally substituted by halogen. 

5. The compound of claim 1 . wherein R is a C^,q alkyl group optionally having substituent(s) selected from the group 
S5 consisting of (i) a Cg-u aryl group, (ii) a hydroxy group, (ill) a halogen, (iv) a C^,^ alkoxy group optionally substituted 

by halogen, (v) a C7.12 aralkyloxy group, (vi) a C^.g alkoxycarbonyl group and (vii) an acylamino group, or 
a C3.8 cycloalkyi group or a Cg-u aryl group, which optionally has substltuent(s) selected from the group consisting 
of (i) a C6.14 aryl group, (ii) a hydroxy group, (ill) a halogen, (iv) a C^.g alkoxy group optionally substituted by 
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halogen, (v) a C7.12 aralkyloxy group, (vl) a alkoxy-carbonyl group and (vii) a C^.g alkyi group optionally sub- 
stituted by halogen, and A is a alkylidene group optionally substituted by halogen. 

The compound of claim 1 , wherein the 4- to 8-membered ring formed by A and R bonded to each other Is a ring 
represented by the formula 




wherein m is an integer of 1 to 3, and other symbols are as defined in claim 1 . 
A benzimidazole compound represented by the formula (1') 




wherein A' is an alkylidene group having 2 or more carbon atoms and optionally having substituent(s), R' is a 
hydrocarbon group optionally having substituent(s) and D' Is an oxygen atom or a bond, or a salt thereof. 

The compound of claim 1, which is an (R)-fonn represented by the formula 




wherein each symbol Is as defined In claim 7. 
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9. The compound of claim 7, wherein R' is a C^^ alkyi group, a Cg.e alkenyl group or a C2.6 alkynyl group, which 
optionally has substituent(s) selected from the group consisting of (I) a 05.14 group, (ii) a hydroxy group, (lii) 
a halogen, (Iv) a 0^.3 alkoxy group optionally substituted by halogen, (v) a C7.12 aralkyloxy group and (vl) a 0^.5 
alkoxy-carbonyl group, or a C^q cycloalkyi group or a C^^^ aryl group, which optionally has substituent(s) selected 
from the group consisting of (i) a Cg_^4 aryl group, (ii) a hydroxy group, (ill) a halogen, (iv) a alkoxy group optionally 
substituted by halogen, (v) a Cy.^g aralkyloxy group, (vi) a alkoxy-carbonyi group and (vii) a C^,q alkyI group 
optionally substituted by halogen, and A' is a C2.6 aikylidene group optionally substituted by halogen. 

10. The compound of claim 7, wherein R' is a C^^ alkyI group optionally having substituent(s) selected from the group 
consisting of (i) a Cq_^^ aryl group, (ii) a hydroxy group, (iii) a halogen, (iv) a C^.q alkoxy group optionally substituted 
by halogen, (v) a C7.12 aralkyloxy group and (vi) a alkoxy-carbonyl group, or 

a C3.3 cycloalkyi group or a 0^.14 aryl group, which optionally has substituent(s) selected from the group consisting 
of (i) a C3.14 aryl group, (Ii) a hydroxy group, (iii) a halogen, (tv) a 0^.5 alkoxy group optionally substituted by 
halogen, (v) a C7.12 aralkyloxy group, (vi) a 0^.5 alkoxy-carbonyl group and (vii) a C<^.q alkyI group optionally sub- 
stituted by halogen, and A' is a C2.6 aikylidene group optionally substituted by halogen. 

11. The compound of claim 7, wherein A' is an ethylidene group or a propylldene group. 

12. The compound of claim 7, wherein A' Is an ethylidene group. 

1 3. The compound of claim 7, wherein A' is an ethylidene group and R' is a 0^.3 alkyI group or a C^q cycloalkyi group. 

14. A production method of the compound of claim 1 or a salt thereof . which comprises (1) condensing a compound 
represented by the formula (II) 



wherein M is a hydrogen atom, a metal cation or a quaternary ammonium ion, or a salt thereof, with a compound 
represented by the fomriula (Ml) 



wherein X is a leaving group, A is an aikylidene group having 2 or more carbon atoms and optionally having 
substituent(s), R is a hydrocarbon group optionally having substituent(s) or a heterocyclic group optionally having 
substituent(s), or A and R may be bonded to each other to form a 4- to 8-membered ring optionally having sub- 
stltuent(s), and D is an oxygen atom or a bond, or 
(2) subjecting a compound represented by the formula (IV) 




(II) 



X 




(III) 
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(IV) 



wherein each symbol is as defined above, or a salt thereof, to an oxidation reaction. 

15. A pharmaceutical composition comprising the compound of claim 1 or 7. 

16. The pharmaceutical composition of claim 15, which is an agent for the prophylaxis or treatment of peptic ulcer, 
gastritis, reflux esophagitis, symptomatic gastroesophageal reflux disease (symptomatic GERD), NUD, gastric 
cancer, gastric MALT lymphoma, Zollinger;Ellison syndrome, gastric hyperacidity or upper gastrointestinal hem- 
orrhage. 

17. The phamnaceutical composition of claim 15, which Is an agent for the eradication of Helicobacter pylori. 

18. A commercial package comprising the pharmaceutical composition of claim 16 and a written matter associated 
therewith, the written matter stating that the pharmaceutical composition can or should be used for the prophylaxis 
or treatment of peptic ulcer, gastritis, reflux esophagitis, symptomatic gastroesophageal reflux disease (sympto- 
matic GERD), NUD, gastric cancer, gastric MALT lymphoma, Zollinger-Ellison syndrome, gastric hyperacidity or 
upper gastrointestinal hemorrhage. 

19. A commercial package comprising the pharmaceutical composition of claim 17 and a written matter associated 
therewith, the written matter stating that the pharmaceutical composition can or should be used for the eradication 
of Helicobacter pylori, 

20. A method for the prophylaxis or treatment of peptic ulcer, gastritis, reflux esophagitis, symptomatic gastroesopha- 
geal reflux disease (symptomatic GERD). NUD, gastric cancer, gastric MALT lymphoma, Zollinger-Ellison syn- 
drome, gastric hyperacidity or upper gastrointestinal hemorrhage, which comprises administering the compound 
of claim 1 or 7. 

21. A method for eradtoating Helicobacter pylori, whteh comprises administering the compound of claim 1 or 7. 

22. Use of the compound of claim 1 or 7 for the production of an agent for the prophylaxis or treatment of peptic ulcer, 
gastritis, reflux esophagitis, symptomatic gastroesophageal reflux disease (symptomatic GERD), NUD, gastric 
cancer, gastric MALT lymphoma, Zollinger-Etlison syndrome, gastric hyperacidity or upper gastrointestinal hem- 
orrhage. 

23. Use of the compound of claim 1 or 7 for the production of an agent for the eradication of Helicobacter pylori. 
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